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FOREWORD 


Professor Nancy Millis 

Chancellor, LaTrobe University 


The term “malice" has several definitions. It is a 
term used to describe the multi-stemmed eucalypts 
that predominantly occur in Australia’s semi-arid 
and arid zones, or to describe environments that 
have rnallee eucalypts as their primary overstorey 
vegetation. In Victoria, it also has a geographical 
definition in that it refers to a particular region in the 
north west. This region is bounded by the South 
Australian border to the west, the Murray River to 
the north and northeast, and the southern boundary 
runs through the Big Desert. This symposium is 
about the region defined as the Victorian Malice. 

In 1965, the Royal Society of Victoria ran ‘The 
Mallee Symposium’. It was the first of a series of 
symposia based on selected regions of Victoria. 
These symposia provided an important snapshot of 
what was known in those regions at the time. There 
have been considerable advances both in our knowl¬ 
edge and in the way we view regions over the forty 
years since the original Malice symposium. The last 
assessment of the Mallee was undertaken by the 
Land Conservation Council (now the Victorian En- 
vironmental Assessment Council) during the 1980s. 
Since then, ecological knowledge has expanded and 
the way people have used the Mallee has changed. 

This symposium, the “Evolution of the Mallee 
Landscape - Geological, Biological and Cultural,” 
was held on 10-11 September 2005 at the La Trobe 
University campus in Mildura. Twenty seven presen¬ 
tations were heard over those two days that assessed 


the Mallee of the past, now, but more importantly, 
how we can influence its future through current 
management practices. The Royal Society decided 
to hold the symposium in the region concerned to 
make it more accessible to the local community. By 
publishing the presentations, it makes information 
available to a new generation of stakeholders. 

What makes the Victorian Mallee a place that at¬ 
tracts so much scientific interest? It is the part of 
Victoria that reflects a major attribute of the Aus¬ 
tralian continent - aridity. The landscape has 
evolved over millions of years due to the interactions 
between climate and water and this has resulted in a 
diversity of plants and animals from different bio- 
geographical regions that overlap in the Mallee. The 
land has been utilised, first by the traditional own¬ 
ers, and more intensively since European settlement, 
yet large tracts of native vegetation remain in con¬ 
servation reserves. In view of global warming, more 
of the Australian continent may become more 
“Mediterranean” in nature - a term used to describe 
several parts of the world (the Mallee regions of Vic¬ 
toria, South Australia, New South Wales, Western 
Australia, California and the Mediterranean region). 

The Royal Society of Victoria was able to run 
the Mallee Symposium and publish the proceedings 
partly because of the generous sponsorship of the 
Department of Primary Industries, LaTrobe Univer¬ 
sity, and the Mallee Catchment Management Au¬ 
thority. Their generosity is gratefully acknowledged. 
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ENVIRONMENTAL EVOLUTION OF THE MALLEE REGION, 
WESTERN MURRAY BASIN 


Jim M. Bowler, Andrew Kotsonis & Charles R. Lawrence 

School of Earth Sciences, University of Melbourne, Parkville, Victoria 3010, Australia 

Bowler, J.M., Kotsonis, A. & Lawrence, C.R., 2006. Environmental evolution of the Malice region. 
Western Murray Basin. Proceedings of the Rovcil Society of Victoria 118 (2): 161-210. ISSN 0035- 
9211. 

The Mallec region preserves legacies of past environmental changes, an understanding of which illu¬ 
minates our understanding of the present and constrains some options for the future, An amazing record of 
sea level changes spanning the last 6 million years provides a template against which later developments of 
lacustrine and acolian changes arc defined in spatial and temporal contexts. The preserved shorelines of 
Plio-Pleistocene Parilla Sand provide a virtual contour map of Plio-Pleistoeene landscapes clearly display¬ 
ing effects of later tectonics. Development of acidic latcritic soil profiles of the Karoonda Surface pro¬ 
gressed synchronously with tectonic interruption of drainage to form the large freshwater lake, Lake 
Bungunnia about 3.5 million years ago. Lake Bungunnia cut a southern overflow channel to the sea exca¬ 
vating the Douglas Depression until uplift on the Padthavvay Ridge reached near 60 m AMD. Overflow 
ceased, the lake temporarily became a closed system with development of alkaline facies in the west, the 
Bungunnia Limestone. Climates throughout this time remained wet and relatively warmer than today. A 
later outlet in the south-west drained the lake about 5-700,000 years ago. Major environmental changes are 
recorded in the transition from low energy, siliceous Parilla Sand to high energy Bridgewater calcarenitcs 
near 1.3 ma (millions of years). Pliocene 20-40 ka (thousands of years) cyclic sea level oscillations were 
followed by 100 ka full glacial cycles near 1 million years ago. Later expansions of aridity in dune fields 
and associated calcretes are superimposed on a previously humid controlled landscape. I ligh discharge 
Murray River incision on the dry kike floor preserves a pattern of high amplitude variability (big wet to big 
dry) far exceeding anything in younger sequences. Dune fields of the Big Desert, Sunset and Little Desert 
expanded to the cast. Wet and dry events of the last glacial cycle (last 120,000 years) preceded maximum 
aridity of the glacial maximum near 20 ka. The arrival of people near 60-50 ka introduced an entirely new 
agent of change into the already fragile Malice landscapes. The scene was set for the much later arrival of 
Europeans, the impact of which is now superimposed on 6 million years of natural environmental change. 
The lessons from one are essential to a better understanding of the other. 

Key words: Climatic change, eustatics, tectonics. Lake Bungunnia, palaeohydrology, mineral sands. Northwest Bend 
Formtion 


THE MALLEE REGION ofsemi-arid south-eastern 
Australia, with its expansive dune fields traversed 
by Australia's major river system provides a key area 
to elucidate Australia's semi-arid landform history. 
Its broad range of spatial and temporal data offers 
unique insights into climatic change, system dy¬ 
namics and biological responses. Additionally, the 
Malice is host to an expanding tapestry of archaeo¬ 
logical data with time depth and levels of detail 
rarely equalled elsewhere in the world. This is recog¬ 
nised in the establishment there of one of Australia’s 
major heritage sites, the Willandra Lakes World 
Heritage region. 

The geomorphology and geological history set 
the scene for exploring this unique legacy of natural 
and cultural change. Following the footsteps of 
many previous workers, this paper expands on new 


data derived mainly from improved topographical 
analysis. The legacy of Plio-Pleistocene marine 
shorelines provide a baseline against which later tec¬ 
tonic, lacustrine and aeolian events have combined 
with changing fluvial systems to provide the land- 
forms of the region today. 

In two respects, this contribution responds to 
and builds upon new data sets previously unavail¬ 
able to earlier workers. Firstly, new stratigraphic 
data are provided by detailed mapping of Kotsonis 
(1995) and by synthesis of outcrop and core details 
in the Victorian sector by Thorne et al. (1990). Sec¬ 
ondly, the last few years have seen a virtual explo¬ 
sion of surface information by way of satellite 
imagery now immediately accessible by internet 
access (Google or Whirlwind systems). Thirdly, the 
recent acquisition of detailed topographic data via 
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Fig. I. Digital elevation diagram of Murray Basin showing general distribution of “Mallee” landscape in tile west 
characterised by dune fields and semi-arid ecosystems. Frame identifies area covered by Fig. 2. Map courtesy Australian 
Survey & Land Information Group, Canberra, Australia © Commonwealth of Australia. All rights reserved. 


US radar supplemented by high resolution laser 
mapping has opened entirely new fields in our un¬ 
derstanding of the Murray Basin in general and of 
the western sector in particular. 

The sheer size of spatial and temporal compo¬ 
nents involved constraints the level of detail pre¬ 
sented. Inevitably many sectors permit summary 
treatment only. For supplementary treatment, the 
reader is referred to Brown and Stephenson (1991). 
This paper focuses on the Victorian and South Aus¬ 
tralian sectors interpreting the “Mallee” connotation 
in the broad sense to take in regions of the Murray 
Basin with strong aeolian landscape expression. 

This contribution adopts a temporal framework 
to reconstruct patterns of environmental evolution 
through time. It builds on the premise that to under¬ 
stand and manage land systems today we need to un¬ 
derstand how and when they were formed and what 
dynamics controlled them. This analysis forms a 


basic template for understanding the present and 
preparing for the future. 

This paper is presented in two sections: (I) Re¬ 
gional Setting and (II) Environmental Reconstruc¬ 
tion (including final chronological summary). 

SECTION I. REGIONAL SETTING 

The Murray Basin, the host setting for the Mallee 
Region, is controlled by the bounding bedrock 
foothills, the Mt Lofty and Olary Ranges in the 
west, the southeastern and southern highlands of 
NSW and Victoria in the east (Fig. 1). This tectonic 
setting defines a dynamic framework locating the 
fluvial Iandforms of the Riverine Plain in the east 
and the Mallee dune fields in the west. Although 
dune fields form the most characteristic feature of 
the Mallee, they are superimposed on and interact 
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Fig. 2. Location diagram on elevation image generated by US Shuttle Radar showing main tectonic lineaments with sites 


referenced in the text. Dark area, equivalent to 60 metre contour, highlights the southern coastal province seawards of Nara- 
coortc and tectonically controlled lowlands in the central Malice region. (Image data compilation courtesy M. Sandiford). 


with earlier environmentally distinctive features of 
marine, lacustrine and fluviatile origins. A compre¬ 
hensive record of shoreline retreat spanning the last 
6 million years forms a characteristic signature of 


the Murray Basin, a legacy on which modern Mallee 
landforms are superimposed (Fig. 2) 

Major dune fields of the Ninety Mile Desert in 
South Australia, Little, Big and Sunset Deserts in 
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Fig . 3. Western Murray Basin region with satellite image draped over elevation model. For inset enlargements see Figs. 
4A, B, C. D & E. Dark areas define vegetation cover emphasising malice woodlands on Pleistocene dunefields. Satellite 
image courtesy Australian Survey & Land Information Group, Canberra, Australia ©. All rights reserved. 


Victoria with equivalent parabolic equivalents east 
of the Darling in western NSW are clearly defined 
on satellite imagery (Fig. 3). Although relatively in¬ 
active, with a frequent woodland cover, these domi¬ 
nantly quartz dunes often retaining crestal profiles 
demonstrate west to east migratory trends during 
their last phase of instability, a period related to last 
glacial aridity about 22-18,000 years ago (Bowler 
1976; Bowler & Wasson 1984; Cupper 2005; llesse 
et al. 2004) They frequently lie within fields of more 
stable longitudinal forms (Woorinen Formation, of 
Lawrence 1975a) with distinctive components of 
clay and carbonate rendering these regions more 
suitable for agriculture. 


In addition to dune landforms, the Malice is tra¬ 
versed by Australia’s major river system, the Murray 
and Darling Rivers. Entering the semi-arid region 
from the cast and north respectively, their trans¬ 
ported waters telegraph hydrologic signals derived 
from well outside the basin centre. While the Mur¬ 
ray responds to climates in the southeastern high¬ 
lands. the monsoonal system feeding the Darling 
contributes entirely different seasonal and water 
characteristics flowing through the Malice region. In 
the south, the Wimmcra River flows north in a large 
valley to terminate in the lake systems of the Wirre- 
gren region (Fig. 4A). The Wimmcra River valley 
tract, the Douglas Depression (Brownbill, 1995), 
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Fig 4B. Satellite-elevation composite diagram showing 
the location of Tyrrell salt lake centrally located in Tyrrell 
Basin defining the eastern sector of Lake Bungunnia. Lake 
shoreline near 60 metre level truncates underlying Parilla 
Sand marine shorelines. Circle identifies site of palaeo- 
magnetic sequence on northwestern margin of the playa 
(Loc: Inset B, Fig. 3.) 


Fig. 4A. Satellite-elevation composite diagram from 
north of Wirrcngrcn Plain, south along the Douglas 
Depression defining the present course of the Wimmcra 
River. Thick sediments of Lake Bungunnia north of 
Wirrcngrcn, pass southwards into the depression, inter¬ 
preted here as the overflow of the lake formed by tectonic 
subsidence in the north. Note variation in coastal trend 
lines east compared to west of Wimmera River. Boxed 
areas define boundaries of figures II & 12A. (Loc: Inset A, 
Fig. 3.). (Radar data compilation courtesy M. Sandiford). 


has long remained an anomaly being much too large 
to have been excavated by the present drainage sys¬ 
tem. These distinctly different hydrological regimes, 
while of major importance today, have played an 
equally important role in the region’s past hydrolog¬ 
ical history. 

The surficial landforms conceal a record of ma¬ 
rine invasions and retreat, the nature of which pro¬ 
vides one of global importance in revealing critical 
relationships between sea level and associated cli¬ 
matic changes in the closing stages of the marine 
Tertiary succession. 


Fig. 4C. Satellite-elevation composite diagram of Loxton- 
Chowilla region showing pattern of lake shoreline defining 
eastern margin of Loxton Basin. Note the development of 
small parabolic dunes extending short distance (5-IOkm) 
eastward of eastern lake shoreline where it abuts against the 
Millewa Ridge. Dark line, Vic-SA border, reflects vegeta¬ 
tion clearing on the South Australian sided Loc: Inset C, 
Fig 3.) 
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Fig. 4D. Satellite-elevation composite diagram of the 
Keith-Bordertown region showing the concluding phase of 
Parilla Sands in the east passing to larger and more widely 
spaced ridges of the Bridgewater Formation (Loc: Inset D, 
Fig. 3). Blue area is less than 60 m AHD. For line of sec¬ 
tion X-X', see Fig. 15. Barrier system names after Murray- 
Wallace et al.,(200l. Fig. I): (S) Stewart. (W) 
Woolumbool, (B) Baker. (A) Ardunc. (EA) East Avenue, 
(WA) West Avenue,( RC) Reedy Creek. 


MARINE STRATIGRAPHY & 
SHORELINE RECORDS 

Strandline Sequence 

The marine stratigraphic sequence of the basin 
(Fig. 5) involved a major Oligocene to Lower 
Miocene transgression with deposition of expansive 
limestones of the Murray, Morgan and Pata units 
(Lawrence 1966; Brown & Stephenson 1991). Fol¬ 
lowing a Mid-Miocene regression, a late Miocene 
transgression extended some 500km inland from the 
present coastline to near Lake Tandou and Lake Mu- 
lurulu in the north and Kerang in the east. This 
marked the onset of the final and major period of re¬ 
gression with the deposition of the Loxton-Parilla 
Sand, a classification that incorporates both fluvi- 
atilc elements (best developed near Loxton) and ma¬ 
rine shoreline facies. Both terms (Loxton & Parilla) 
relate to inter-related marine-terrestrial members 
across shoreline ridges in both Victoria and South 
Australia (Firman 1967; Lawrence 1975a). 

Expressed as a series of mainly north-south 
ridges in north-western Victoria they were recog¬ 



Fig. 4E. Satellite-elevation composite diagram of Mur¬ 
ray gorge to Hamley Fault near Kingston. Note large chan¬ 
nel and meander pattern of gorge and the manner in which 
lake shorelines in Blanchctown Basin converge on the 
gorge coincident with the Hamley Fault, the upstream ter¬ 
mination of the gorge tract. River channel bisects pattern 
of lake shorelines corresponding to drainage development 
following the deepest, western part of the drained lake. Sec 
also Fig. 16. (Loe: Inset E, Fig. 3.) 


nised as marine shorelines by Blackburn (1962b) 
and Hills (1975). Kotsonis (1999) provided the first 
detailed map recognising some 170 ridges (Fig. 6) 
although more arc now' visible on recently acquired 
radar imagery. Composed almost entirely of 
siliceous, non-caleareous sands, the Loxton-Parilla 
unit defines the target sequence for heavy mineral 
exploration in this remarkable series of strandline 
ridges or barriers (Roy et al. 2000). 

Extending some 500 km inland from the present 
coast to the Willandra Lakes (Fig. 6), the pattern of 
arcuate, parallel ridges comprises a record of Plio- 
Pleistoccnc shorelines of eustatic origin (Brown 
1983; Kotsonis 1999) arguably without equal else¬ 
where in the world. With crest to crest spacing often 
in the range 2-3km, crest-swale relief ranges from 
just a few metres to more than 20 in in the case of 
the larger ridges such as the Millewa ridge west of 
Mildura and the major Lawloit-Diapur ridge west of 
the Wimmera River (Fig. 2, 4A, 11A). Although 
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Fig. 5. Tertiary stratigraphy of the Murray Basin (after Brown & Stephenson, 1991). Mallee landforms are superim¬ 
posed on the Pliocene sequence of the regressive sea which invaded the basin about 6 million years ago. 


elevation relative to present sea level is complicated 
by neo-tcctonic movements, the stratigraphic and 
topographic expression points towards sea level ele¬ 
vation at the time of maximum transgression (near 
6 ma) approaching 60 m AMD, a height difficult to 
explain by changing ice volume alone. The retreat of 
the sea, estimated to have commenced soon after 
maximum transgression, about 6 ma (Brown & 
Stephenson 1991) involved a series of oscillatory 
movements, short regressions followed by short 
transgressions superimposed on an overall pattern of 
falling sea level. This oscillatory system, involving 
successive changes of some 20-40 m, parallels sig¬ 
natures defined in marine isotope records. 

In longitudinal dimension, each ridge generally 
has a typically smooth outer (eastern) margin in 
contrast to the irregular, parabolic dune margins on 
modern and younger shorelines near Naracoorte in 
the south (Fig. 4D), a feature of special importance 
despite the abundance of fine sands suitable for 
dune development (Fig. 2). The south-western mar¬ 
gin of Parilla Sand ridges is defined by a change 
near Bordertown to Naracoorte (Fig. 4D) where 
siliceous quartz ridges of Parilla type give way to 
calcarenites of the Bridgewater Formation 
(Boutakoff 1963; Belperio 1995), a change of par¬ 
ticular importance for Plio-Pleistocene environmen¬ 
tal reconstruction. 


Cyclicity ami isotope correlation 

The pattern of multiple shorelines from Upper 
Miocene through entire Pliocene Pleistocene offers 
a unique record of environmental changes spanning 
the last 6 million years. Acting as a virtual contour 
plan of Plio-Plcistocene sea levels, the parallel 
strandlinc patterns provide a baseline template 
against which subsequent tectonic deformation, lake 
formation and evolution may be assessed 

Strandlinc ridges have developed under a pattern 
of small-scale sea level oscillations with major ridge 
construction on the transgressive arm of each oscil¬ 
lation (Roy et al. 2000; Roy & Whitehouse 2003). 
This oscillatory pattern is superimposed on a longer 
term sea level change falling from maximum eleva¬ 
tion (near 60m) to that of the present day. With more 
than 170 such oscillations in the 4-5 million year pe¬ 
riod from maximum inland strandlinc to near Nara¬ 
coorte, the pattern provides a strong impression of 
oscillations driven by 20 ka precessional insolation 
changes. By contrast, after coastal arrival at Nara¬ 
coorte near 1 ma, subsequent ridges to the present 
coast have developed in response to 100 ka cyclicity, 
the dominant expression of global change periodici¬ 
ties following the 900 ka Mid-Pleistocene transition 
(Murray-Wallace et al. 2001; Murray-Wallace 2002). 

The sea level record reflected here finds strong 
similarities in the global oceanic oxygen isotope 
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Fig. 6. Extent of Upper Miocene to Pliocene marine invasion of the western Murray Basin showing the patterns of 
strandline ridges (Parilla Sands), the legacy of sequential shoreline retreat (Modified after Kotsonis, 1995, 1999). Num¬ 
bered sequence 1 - 6 denotes shoreline positions, 1 to 6 million years ago as suggested in this interpretation. 


signals (Fig. 7) reflecting the influence of both 
changes in temperature and changes in ice volume 
on isotope fractionation. Although any direct point- 
to-point correlation awaits more precise dating of 
sea level events, both shoreline and isotope patterns 
demonstrate high frequency (20 ka) oscillations in 


Pliocene to early Pleistocene time with major 
changes to 100 ka periodicity near I million years 
ago (MIS 22, Fig. 7). Additionally the Pliocene high 
sea levels recorded here find equivalent expression 
in tectonically independent basins of the adjacent 
Otway and Gippsland basins (Wallace ct al. 2005). 
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lation. Strong similarities exist with the pattern of Murray Basin high sea levels after 6 ma with oscillatory formation of 
ridge systems on falling pattern reaching present interglacial levels about 2 million years ago. Note change to 100 ka pe¬ 
riodicity near 1 million compared to earlier 40 to 20 ka high frequency oscillations equivalent to Parilla Sand deposition. 
Curve generated from Tian ct al. (2002). 


Since this pattern of sea level change is now an 
agreed eustatic phenomenon (with clear implica¬ 
tions for changing global ice volumes) its equivalent 
reflection in the pre-2.5 ma sector of the isotope 
curve establishes that as dominantly a sea level 
rather than temperature signal. This leads to further 
implications for global ice volume change with di¬ 
rect relevance to Antarctica involving climatic sys¬ 
tems that impact on southern Australia (see later 
discussion). 


Age estimates 

Age estimates provided by Kotsonis (1995, 1999) 
and accepted by later workers (Murray-Wallace 
2002, Fig. 4) are revised here (Fig. 6) in the light of 
re-evaluated lake and shoreline history. In the ab¬ 
sence of more detailed chronology, estimates are 
provided by the following control points: 

• Maximum transgression: near 6 ma 

• Arrival at Naracoorte: by I ma 

• Estimated shoreline position equivalent to the 
formation of Lake Bungunnia: near 3.5 ma. 

As indicated below, the shoreline of that esti¬ 
mated age would be approximately equivalent to 
that extending north-west from the present Lake 
Hindmarsh. 


Tectonic modification 

With each strandline ridge formed from the position of 
controlling sea level, the pattern provides a virtual 
contour map of Plio-Pleistocene times. As such, the 


record provides a template control against which the 
effects of post-depositional tectonics are readily iden¬ 
tified both in pattern and magnitude of uplift. Incre¬ 
mental tectonic movements before emergence 
constituting growth faults (Roy et al. 2000) were 
largely subordinate to effects of submarine erosion 
and depth of submergence. Post-emergence incremen¬ 
tal movements, clearly evident in deformed shorelines, 
arc associated with major faults. Topographic highs 
associated with the Morgan. Hamley, Danyo and 
Tyrrell faults (Fig. 2) define a north to north-easterly 
trending pattern interrupting the arcuate shoreline pat¬ 
tern. In the north, movements on the Iona and Neekar- 
boo structures define the Willandra trough, the 
location of the major Willandra Lakes system. 

Two important structural elements exert controls 
on ridge expression; the Pinnaroo block in South 
Australia and the NW-SE trending Padthaway high 
extending into south-western Victoria (Fig. 2). A 
weakly defined northwest-southeast lineament, the 
Bordertown-Apsley line , truncates the last Parilla 
shorelines suggesting a minor tectonic effect paral¬ 
lel to the main Kanawinka Fault (Figs. 2 & 4D). 

While the tectonic highs have clear topographic 
expression, areas of depression are, by reason of 
their lacustrine dynamics and sedimentary infill, 
more subtle in definition though no less important in 
their influence. The Raak salt lake systems, defined 
by the Danyo Fault, constitutes a clear case in point. 
The radar image of that region (Fig. 2) clearly em¬ 
phasises the influence of tectonics on the final geo- 
morphic expression. 

A series of down-faulted basin depressions are 
defined by the pattern of north-easterly trending 
structures. For ease of reference, we identify these 
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as sub-basins (basins within the wider Murray Basin 
context), each controlled by its associated fault. 
These include the Blanchetown Basin in the west 
(Morgan Fault), the Loxton Basin (Hamley Fault), 
the Raak Basin ( Danyo Fault) and the Tyrrell Basin 
defined by the Tyrrell Fault (Fig. 2). Basin-forming 
deformation of this type has affected drainage with 
important implications for lake formation. 

Submarine deformation simultaneously with 
coastal retreat (growth faults of Roy et al. 2000) 
seem not to have substantially interrupted the gen¬ 
eral pattern of successively parallel shorelines until 
relatively late in the sequence. 

Two elements combine to minimise tectonic 
modification of shorelines during the actual period 
of retreat. Firstly, small incremental movements on 
submarine structures were modified by erosion and 
deposition with little or no influence on shoreline to¬ 
pography. 

Secondly, with high frequency 20 ka cyclic high 
sea level events, the short interval between succes¬ 
sive transgressions prevented deformation of magni¬ 
tude sufficient to affect successive shorelines. An 
exception lies in the small discordance between 
shorelines east and west of the Wimmera River sug¬ 
gesting realignment consequent on small tectonic 
movements before and after successive shoreline de¬ 
velopment (see later section. Fig. 4A). 

Following marine retreat, landward emergence 
preserved the imprint of each subsequent incremen¬ 
tal change associated with uplift and subsidence. 
Following emergence, deformation on major faults 
defined the topographically distinct sub-basins in¬ 
land from the main south-easterly Padthaway uplift 
zone. When coastal retreat had reached Bordertown, 
major seaward shoreline displacement reflects uplift 
on the Padthaway ridge, a change associated also 
with expression of 40 ka cycles with longer intervals 
between successively high sea levels. 

Global relevance 

The region is additionally important in that it firmly 
establishes the primacy of eustatic over tectonic con¬ 
trol in Mid-Miocene to Pleistocene sea level patterns 
over south-eastern Australia. While incremental tec¬ 
tonics have been active over long periods, their inllu- 
ence as agents controlling marine retreat in both the 
Gippsland and Otway basins has at times been over¬ 
emphasised (Dickinson ct al. 2001. 2002). Despite 
clear evidence of deformation contemporaneously 


with sea level changes, the large scale of eustatic vari¬ 
ation involving more than 40 m of sea level change 
has been sufficient to over-ride incremental tectonics. 
The following lines of evidence are relevant: 

1. Changes of comparable scale and timing are 
recorded from tectonically independent Gipps¬ 
land, Port Phillip, Otway and the Murray Basins. 

2. Following the Middle Miocene regression, the 
subsequent transgression re-occupied earlier 
shorelines of Lower Miocene “climatic opti¬ 
mum" times (McGowran ct al. 2006), a feature 
inconsistent with local tectonic control. 

3. Comparable contemporaneous sequences are 
recorded elsewhere in the world, even from 
some tectonically active parts of the globe such 
as Israel (Garfunkel, 1998). 

4. The pattern of change finds equivalent signa¬ 
tures in marine isotope curves (mainly ice vol¬ 
ume, Fig. 7). 

Despite claims for stable Antarctic ice through¬ 
out that 14 to 6 ma interval (Denton et al. 1995; Sug- 
den et al. 1995), such changes of global rather than 
regional nature imply substantial changes in ice vol¬ 
umes. In this sense, evidence from the Murray Basin 
is of major global significance. 

Naracoorte-Bordertown transition 

The change near Bordertown (Figs. 2, 4D) from typ¬ 
ically low, closely spaced Parilla ridges to widely 
spaced higher ealcarenite ridges of the Bridgewater 
Formation (Boutakoff 1963; Sprigg 1952, 1979; Fir¬ 
man 1972, 1973) is also associated there with a 
change in soil types, from acidic ferricrctes to alka¬ 
line calcrete and from stable sand ridges to those 
feeding substantial dunes. The change registered 
here in both morphology and sediment types consti¬ 
tutes a transition in ridge types reflecting changes in 
the controlling dynamics. It is there identified here 
as the 'Bordertown-Naracoorte transition ‘(see later 
discussion). 

This coastal region has long been the subject of 
detailed studies; it remains a key area in defining 
Murray Basin environmental history. Early analysis 
of shorelines and tectonic components (Sprigg 1952, 
1959; Hossfeld 1950) were followed by more detailed 
stratigraphic study (Schwebel 1984; Belperio & Gann 
1990) leading to a concerted dating focus. The pio¬ 
neering palacomagnetic study of ldnurm and Cook 
(1980) set a chronological baseline with the Brunhes- 
Matuyama boundary (780 ka) identified between the 
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coastal barriers of Naracoorte West and Naracoorte 
East (Bridgewater Formation of Boutakoff, 1963). 
The following years saw the application of TL, OSL 
and amino-acid racemisation dating (reviewed in 
Murray-Wallace et al. 2001 ) combining to establish a 
set of dated coastal sea levels of globally important 
significance. The Naracoorte East dune with esti¬ 
mated age near 950 ka (Murray-Wallace et al. 2001) 
established the lime of coastal arrival at this point. 
The elevation today of Naracoorte near 70 m provides 
a key control point defining rates of uplift at 7 m/100 
ka (Bclperio & Cann, 1990; Murray-Wallace et al. 
2001 ). 

When marine retreat reached the coastline near 
Naracoorte, a series of important changes occurred. 
Shorelines were defined by the topography of the 
rising Padthaway dome; each successive shoreline 
barrier remained parallel to the structural trend and 
therefore parallel to each other. The coincidence of 
retreating shoreline with the location of the 
Kanawinka Fault immediately focussed erosional 
energy along the line of structural weakness (Fig. 2). 
The resulting topographic break SE and NW of 
Naracoorte reflects the efficiency of wave action 
along the fault, the cliff-line perhaps expressing 
more the reality of an eroded fault-line scarp. 

The arrival of the coastline at the Kanawinka 
Fault coincided with an additionally important 
change in coastal orientation. While all earlier barri¬ 
ers remained parallel to the Padthaway structural 
trend, shorelines seaward of Naracoorte reflect 
changed orientation. Differential uplift on the Padth¬ 
away structure resulted in divergence of younger 
shorelines, while in the NW sector, near the Murray 
mouth, younger shorelines transgressivcly eroded 
older ones. 


Dunes and soils 

Ridges built from the most north-easterly inland 
shoreline (Willandra Lakes to Kerang) to Border- 
town in the south-west stand in marked contrast to 
those seawards of Bordertown. Although abundant 
fine sands were always available as parent materials, 
clearly defined strandlines of Pliocene age lack evi¬ 
dence of contemporaneous downwind dune devel¬ 
opment. While some ridges crests preserve 
components of local aeolian bedding, the failure to 
develop down-wind dune lobes reflects wind and 
soil moisture regimes very different from equivalent 
features formed in Pleistocene shorelines south of 


Bordertown. Additional differences are reflected in 
weathering profiles. 

Soil development on the Parilla Sand is charac¬ 
teristically associated with deep development of fer- 
ricrcte and silcrete profiles, the Karoonda Surface of 
Firman (1966b, 1973). Zones of pisolitie to nodular 
fcrricrctc often associated with opaline silica (Kot- 
sonis 1995; Main 1995) extend to depths in excess 
of 4 m in contrast to calcareous soils in younger 
units across the region. Silcrete bands within the Ka¬ 
roonda soils have provided a rich source of artefacts 
for the earliest occupants of the region. One such sil¬ 
ica band, which outcrops on the floor of Lake 
Mungo, represents one of the earliest (Upper 
Miocene) shoreline legacies. 

In the southern, youngest expression of Parilla 
ridges, buckshot pisolites in lateritic podsols con¬ 
tinue to near Bordertown to be replaced in younger, 
seaward ridges by calcrete and red calcareous soils. 
This change in weathering patterns signals impor¬ 
tant changes in climatic regimes. 

Inland from Bordertown, Karoonda profiles 
with deep ferricrete and opaline silica involving 
deep mobilization of sesquioxides reflects a climatic 
regime more akin to tropical or sub-tropical regimes 
than to the semi-arid regime of today. Vegetation ev¬ 
idence (Martin 1978, 1991,2006) is further consis¬ 
tent with relatively warm wet environments 
throughout the period of Parilla Sand deposition. 
These contrast with alkaline soils including calcrete 
commonly developed on the later ridges of the 
Bridgwater Formation. In this sense, the weathering 
of the Parilla Sand provides a window into climates 
of Pliocene-Early Pleistocene time. 

LAKE BUNGUNNIA 
Topographic evidence 

Simultaneously with coastal retreat, interruption of 
Murray-Darling drainage resulted in the upstream 
development and expansion of lake environments, 
the final expression of which produced the legacy of 
Lake Bungunnia (Fig. 8). Thick grey, greenish to red 
clays exposed in outcrop along the length of the 
Murray upstream from Mildura to near Nildottie 
identified the presence of a major lake. Lake Nawait 
(Fenner 1934) later re-named Bungunnia (Firman 
1965) after the type locality of that name. 

Formed by neotectonic deformation during the 
late stage of marine retreat from the Murray Basin, 
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Fig. 8. Elevation diagram showing Lake Bungunnia 
near its maximum extent coincident with the 60 m contour. 
This does not take account of the fluvio-lacustrinc sandy 
facies that probably extend beyond these boundaries. Note 
clear emphasis of north-easterly trending fault bounding 
controls. 


its shoreline patterns are clearly visible in elevation 
imagery closely following the margins of sub-basins 
(Fig. 2). These sub-basins formed foci for deepest 
centres of the lake; their history bears directly on its 
origin and evolution. 

The lake shoreline defines the largest expansion 
phase which, as noted by Stephenson (1986), corre¬ 
sponds closely to the 60 m contour. This provides 
important evidence of the confining overflow level 
at that time. The lacustrine facies covers an area of 
some 33.000 km- (Stephenson op. cit. p. 145) equiv¬ 
alent to a circular lake of some 200 km diameter. As 
one of the largest Pliocene lakes in the world, it in¬ 
volves important implications for the climatic and 
hydrological conditions necessary to sustain it. 

An important contrast between the characteristics 
of the eastern (Tyrrell-Raak-Loxton basins) and west¬ 
ern (Blanchetown basin. Fig. 2) defines distinguishing 
aspect of lake history. Shorelines near the 60m contour 
clearly define the extent of the lake centred on now 
relict groundwater discharge systems of Tyrrell (Fig. 
4B), Raak-Pink Lakes (Fig. 2) and Noora (Fig. 4C), the 
three major sub-basins. In addition to control by re¬ 


spective faults, the Millewa Ridge (Fig. 2) with some 
80 m of Parilla Sand (Thome et al. 1990), formed a 
bounding margin between the eastern shoreline of the 
Loxton Basin and a northern lake sector now occupied 
by the Murray tract from Neds Corner (Rowan & 
Downes 1963) to beyond Wentworth. 

Southern and eastern lake shorelines cut across 
and obscure underlying Parilla sand ridges (Figs. 
4C, 4E), while north of the Tyrrell Basin (north of 
Boundary Bend) a set of duplex strandlines with the 
inner ridge below 60 m defines a still-stand in the 
contracting phase of lake history. 

Like Parilla shorelines, the lake shorelines are 
generally free of evidence of dune building with one 
important exception. The late stage northeastern 
shoreline in the Loxton Basin records the first clear 
definition of dune generation with parabolic forms 
that migrated some 8-10 km downwind from the 
parent shoreline sands (Fig. 4C). ). The general ab¬ 
sence of substantial lunettes stands in contrast to the 
size and frequency of such features in late Quater¬ 
nary environments (cf Figs. 4C & 11). 

In the west, the Blanchetown Basin margins are 
defined by shorelines radiating westwards from the 
Hamley Fault gap, the connecting flow point linking 
eastern and westerns lake sectors (Fig. 4E). Several 
distinctive geomorphic and topographic features re¬ 
flect stages in the contracting lake phase. 

1. High level erosional shorelines have truncated 
Loxton-Parilla ridges near 60 m with development 
of a later inner, sub-parallel shoreline near 40 m. 

2. Parallel shorelines converge to the south near 
the point of overflow south of Nildottie. 

3. An inner plain of Bakara Calcrete (Firman, 
1973) extends as a 30 m level surface from east 
of the Murray River to the 40 m shoreline. 

4. A set of 5 dune fields (Bunyip Sands, Firman 
1967, 1972) extends some IO-20km east from 
the Murray gorge over the calcrete plain. 

Where the Hamley Fault separates the western 

Blanchetown from the Loxton Basin, overflow 
across the uplifted ridge was constrained lo the nar¬ 
row zone defined today by the gap occupied by the 
present Murray gorge at Overland Corner (Fig. 4E). 

Sediments 

The history of the lake is preserved in its sedimentary 
records, the Blanchetown Clay and Bungunnia Lime¬ 
stone (Firman 1965, 1973; Brown & Stephenson 
1991; Stephenson 1986; Gill 1973). The sequence of 
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kaolinitic and illitic clays ranges from just a few me¬ 
tres to more than 50 m in sub-basin depositional cen¬ 
tres with occasional lenses of micritic dolomite. 

Outcrop and core data in the eastern (Victorian) 
sectors along the Murray Valley synthesized by 
Thorne et al. (1990) define stratigraphic relation¬ 
ships. In summary, that data set leads to the follow¬ 
ing observations: 

1. Major deposits of Blanchetown Clay are related 
to basin depressions associated with the major 
faults (as evident on topographic data) while ab¬ 
sent on adjacent topographic highs. 

2. Major thickness in Raak and Tyrrell basins in 
excess of 50 m reaching 70 m east of the Tyrrell 
Fault near Robinvale. 

3. Bungunnia Limestone occurs rarely in Victoria 
(at Boundary 7 Bend in Thorne et al., 1990; a 
small deposit at Pink Lakes, Macumber 1991; 
west of Morkalla, Chapman 1936) compared to 
frequent records in the South Australian sector 
of Murray River exposures. 

4. Initiation of lacustrine sediments may have in¬ 
volved landlocked lagoonal or estuarine condi¬ 
tions as suggested by wood and plant fragments 
near the Parilla-Blanchetown Clay junction in a 
number of cores (Thorne et al. op cit.) 

In the western sector, analysis of some 50 meas¬ 
ured sections in the Murray trench South Australian 
sector recorded by Kotsonis (1995) illustrates lake 
sediment thickness there much reduced compared to 
the eastern sector. In sections from east to west on 
the Murray banks, the Pike Lagoon section near 
Rcnmark (Kotsonis 1995) defines the first appear¬ 
ance of oolitic and stromatolitic limestone. There¬ 
after downstream, similar occurrences often as 
inter-bedded dolomitic plates, are common com¬ 
pared to almost total absence in the east 

In the region from Morgan to south of Nildottic, 
bounding limits of stratigraphic units change consis¬ 
tently with limits defined by shoreline geomorphic 
expression. Outcrops of Blanchetown Clay and 
limestone continue to Nildottic at which point lime¬ 
stone termination coincides with final downstream 
expression of the 60 metre lake shoreline. Strati- 
graphically, this basin is additionally characteristic 
in that it defines major occurrences of the Northwest 
Bend (oyster facies) Formation (Ludbrook 1961). 

The Blanchetown Clay is dominantly a freshwa¬ 
ter facies as defined by ostracod and fish faunas. 
Unfortunately attempts to extract pollen have been 
unsuccessful (J.Luly, pets.comm ). Its upper levels, 
particularly in the western sector, register a signifi¬ 


cant change in alkalinity with widespread occur¬ 
rence of thin platy Bungunnia Limestone. Dolomitic 
micrite is associated with microbial stromatolites, 
ooids, ostracods and gyspeous deposits. As noted by 
Stephenson (1986) sandy fluvio-lacustrine facies 
are characteristically associated with lake margins 
(Lawrence 1975; Thorne et al. 1990; Firman 1973; 
Gill 1973). 

Detailed study of the Chowilla section (Fig. 9) 
has established clay species composition of illite, 
kaolinite and smectite in approximate average ratio 
4:4:2 respectively (Dan Yaalon, pers. comm.). Smec¬ 
tite levels rise to 30% in the middle leaving kaolinite 
and illite to dominate retaining fairly constant pro¬ 
portions from bottom to top, a feature of relevance to 
the presence of bentonites elsewhere in the basin (see 
below). Carbonate remains absent; the section re¬ 
mains acidic throughout. A distinctive ferric red basal 
section (5-6 m, equivalent to the Irymple Member of 
Lawrence 1975) reflects post-deposilional oxidation 
by acidic groundwaters. 

Although lake clays are calcareous in upper lev¬ 
els in the western region, the general lack of saline 
sediments together with freshwater nature of fish 
and ostracod biota (Gill 1973) point to the mainte¬ 
nance of a major freshwater system throughout the 
greater part of its existence, a feature of relevance in 
defining the discharge of the streams necessary to 
maintain it. 


Bentonites and possible volcanics 

The discovery of substantial deposits of bentonite at 
Arumpo 95 km NE of Mildura in 1993 and their 
subsequent development has opened an entirely new 
dimension of Murray Basin evolutionary history. A 
recent review by company staff and consultants 
(Gardam et al. in press) supplemented by discus¬ 
sions with Mr Tony Mason (geological consultant) 
forms the basis of information summarised below. 

Bentonite, a mixed layer montmorillite-illitic 
clay, most frequently originates from hydration of 
volcanic glass. Detailed analyses of several deposits 
at Arumpo (Gardam et al. in press) would indicate 
an origin consistent with a trachy-andesitic volcanic 
source. Such volcanoes elsewhere have a history of 
eruption with high explosive force emitting huge 
clouds of gaseous dust (volcanic glass) in contrast to 
the coarse scoria more commonly associated with 
basaltic landforms, such as typical of south-western 
Victoria. 
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Volcanic ejecta consistent with the narrowly de¬ 
fined composition of the Arurnpo bentonite deposits 
would, of necessity, have travelled far downwind 
from points of eruption. Such clouds, falling into 
water bodies, are seen as the origins of the ben¬ 
tonites (Gardam et al. in press) in contrast to dry 
land accumulation where glassy components would 
hydrate rapidly to smectite incorporated into surface 
soils. 

Deposits of high grade bentonites are large and 
occur over a wide region. The Arurnpo deposits of 
nearly pure bentonite extend over an area of 4 km 
long, 5 km wide with nearly pure bentonite with the 
mineable zones being 3 km x 1 km and 8-10 m 
thick. Multiple deposits are recorded by Gardam et 
al. (in press) with several separate occurrences at 
Arurnpo, at Women sand mine, al Nowingi in the 
Raak Plain, and in the Riverine Plain some 50 km 
northeast of Booligal. 

The source of such materials has remained 
something of a mystery. In recent years, interpreta¬ 
tion of aeromagnctic surveys has disclosed a broad 
pattern of anomalies defining round plugs some 200 
m diameter. Gardam et al. (in press) record more 
than 300 examples in northern Victoria and w'estem 
NSW. Such anomalies occur in clusters with depths 
to the geophysical anomaly varying from 60 to 300 
m as defined by Gardam el al. (in press). Clustered 
examples extend in a SE-NW trend from near the 
Danyo Fault and Raak across the Murray River to¬ 
wards Hatfield and Booligal. 

In stratigraphic position, bentonite bands overlie 
Loxton-Parilla Sand and are sometimes separated by 
sand intervals indicating multiple events. Some un¬ 
derlie, while some appear within the Blanchetown 
Clay. At Women, “small ovoid blobs of bentonitic 
clay" 10-15 cm long, 5-10 cm wide, are interpreted 
as volcanic “bombs” (Gardam et al. in press). Thus 
far, pure occurrences pre-date Woorinen Formation 
duneficlds. In terms of ages, formation in the time 
range 3 to 1 ma proposed by these authors is con¬ 
sisted with ages of Blanchetown Clay offered here 
(see later discussion). 

In summary, support for the volcanic origin in¬ 
cludes the strong correlation of bentonite chemical 
composition with that of trachy-andesite lavas, the 
accumulation of pure bentonites of substantial thick¬ 
ness and extent, complemented by evidence of mul¬ 
tiple events in the context of regional “pipe-like” 
magnetic anomalies. By contrast, the absence thus 
far of any surface expression either as deformation 
forms, explosive debris or topographic expression 



Fig. 9A. Stratigraphic section of left bank of Murray 
River at Chorvilla dam site. Upper unit of grey 
Blanchetown Clay passes to lower unit oxidised by acidic 
groundwater. Total Blanchetown Clay thickness (15 metre 
here) rests disconformably on silcrete cemented Parilla 
Sand. Elsewhere overlying Woorinen dune sands are mag¬ 
netically normal (less then 780ka) while Blanchetown 
Clay is dominantly reversed (> 780ka). Two people are col¬ 
lecting samples for palaeomagnetic dating. 


constrains any clear definition of widespread and 
multiple volcanic events. Such evidence is required 
to confirm the reality of 300 explosive vents in a 
landscape peculiarly distinguished by the absence of 
volcanic lundforms. In the present context, since no 
post-Bungunnia occurrences of pure bentonite are 
known defining such late events, the potential influ¬ 
ence of widespread volcanic eruptions on soils and 
related landforms awaits further investigation. 

Stratigraphy and age 

Within the Blanchetown Clay a number of litholog¬ 
ically diverse units reflect facies variants through 
space and time. Two units are expressed in the basal 
red brown clays and clayey sands passing up to dark 
grey to greenish grey clays as expressed in the 
Chowilla section (Fig. 9A). Lawrence (1975) identi¬ 
fied a basal red brown Irymplc Member, the equiv¬ 
alent of the basal oxidized zone at Chowilla . 
Further subdivision by Thorne et al. (1990) identi¬ 
fied the Hattah Member (laterally equivalent to the 
Irymple Member). The associated Bungunnia Lime¬ 
stone, represented as oolitic, microbial limestone or 
platy dolomite facies is confined to the upper levels 
occurring most frequently as the near-surface ex¬ 
pression of the lake in the western sectors. 

The age of the lake as currently known has been 
established by palaeomagnetic analyses (Bowler 
1980; An et al. 1986). Analyses of 14 m at Lake 
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Fig. 9B. Analytical pattern of reversals in Chowilla Blanchetown Clay plotted against geomagnetic time scale. Extrapo¬ 
lation of near-linear time-depth curve suggests the age of basal Blanchetown Clay near base of Gauss citron (approx. 3.2 
ma). Upper 6-7 metre zone altered by pedogenesis, not analysed palaeomagnetically, may be younger then 780 ka. (Mod¬ 
ified from An ct al., 1986, Fig. 7). 


Tyrrell and 19 m of Blanchetown Clay at Chowilla 
(Fig. 9A) provide the regional chronology for the 
beginning and end of the lake (Fig. 9B). 

The Lake Tyrrell sequence penetrates through 
Gauss into the Gilbert Chron indicating an age there 
greater then 3.5 million years. At Chowilla, basal 
sediments remain magnetically normal consistent 
with an age slightly younger then the Gauss-Gilbert 
transition at L. Tyrrell although the high oxidation 
status of basal sediments at Chowilla render uncer¬ 
tain any fine age resolution While linear extrapola¬ 
tion through dated horizons suggests a basal age 
significantly greater then 3 ma (Fig. 9B), deposition 
at Tyrrell extending well beyond 3.5 ma indicates the 
basal clays older there than at Chowilla, an observa¬ 
tion consistent with earliest lake formation on the 
down-thrown side of the Tyrrell Fault. 

At Nyah West near Lake Tyrrell, Woorinen For¬ 
mation dunes and palcosols of normal polarity (less 
than 780 ka) disconformably overlie Blanchetown 


Clay with reversed polarity greater than 780 ka 
(Bowler 1980). The disconformity gap constrains 
further age discrimination of lake drying. With the 
possibility of later deposition in the west (possible 
due to tilting and westerly location of new overflow 
site), the limestone facies preserved there may have 
persisted into the Brunhes normal chron (younger 
then 780 ka). 

Within the Blanchetown Clay, the presence of 
interbedded sandy facies at a number of localities, 
including both Tyrrell and Chowilla sections, iden¬ 
tify low stands in the lake preceding the later phase 
of maximum expansion. Shallow sandy facies occur 
at comparable levels equivalent to Olduvai (1.8-1.9 
ma) and Matuyama-Gauss boundary (2.5 ma) in 
both dated localities lending additional confidence 
to age reliability and suggesting lake shoaling with 
temporary reduction of discharge at those times. 

In summary, the lake sequence is a complex 
one with substantial variations through time and 
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space. The deep sequences in the east (more than 
50 to 70 m) find no parallel in the relatively thin 
units in the west. Conversely, the upper level alka¬ 
line facies of Bungunnia Limestone, characteristic 
of the western region finds little expression in the 
east. Associated with late stage shoaling and dry¬ 
ing, the limestone in the Blanchetovvn Basin lies 
frequently near or below the 40 m lake-shore con¬ 
tour. By that time, all eastern basins would have 
been drained. This implies much younger age for 
final lake sediments in the west, perhaps well into 
the Brunhcs normal citron (<780 ka). An age near 
5-600 ka would seem consistent. The outer 60 m 
shoreline perimeter, visible on surface expression, 
represents only the late stage of maximum expan¬ 
sion. It bears little relationship to the early expres¬ 
sions of lake development, the story of which is 
locked more securely in the deep sediments of the 
eastern troughs. 

An initial age in excess of 3.5 ma, perhaps closer 
to 4 ma, at Lake Tyrrell provides a conceptual start¬ 
ing point for lake formation. More importantly, the 
demise of the lake (5-600 ka) sets the scene both for 
the initiation of proto-Murray River drainage and the 
development of expansive dune fields. The transition 
from lacustrine to aeolian depositional regimes in¬ 
volving at least four dune paleosols of magnetically 
normal polarity, signals a major change to arid envi¬ 
ronments. Lake Bungunnia evolution provides a 
basal template upon with the tapestry of modern 
landforms and ecosystems has developed. In this 
sense, the evolution of the lake provides a critical 
starting point for those surface landforms and 
ecosystems developed on it. 

Rates of deposition 

The lake acted as a sediment trap for rivers draining 
the Murray-Darling Basin providing estimates of 


late Pliocene to early Pleistocene catchment de¬ 
nudation rates. 

Rates of deposition established from the C'how- 
illa and Tyrrell West sequences (Table I) support 
agreement between sites in the range 3.7 to 7.3 
mm/ka. Assuming an upper average of 7mm/ka, 
near the upper limit of measured values, sediment 
accumulation reflects catchment erosion rates. With 
the Murray-Darling catchment area 1,057,000 km 2 
and lake area 33,000 km 2 -an average lake deposition 
rate of 7mm/ka is equivalent to an erosional rate of 
0.22 mm/ka over the entire catchment. Similarly, 
assuming an average lake sediment thickness of 25 
m (an upper limit) deposited over 2.8 ma (3.5 - 0.7 
ma) yields a similar denudation rate of 0.28 mm/ka 
(sec also Stephenson 1986). 

A median rate of 0.25 mm/ka, 1 metre in 4 mil¬ 
lion years, demonstrates an extremely slow rate by 
continental standards, reflecting relatively stable 
catchments throughout the main period of the lake’s 
existence. Predating the major period of subsequent 
glacial-interglacial instability, the evidence is con¬ 
sistent with humid climates with vegetated (forest 
covered?) catchment slopes. 

Formation and evolutionary history 

The retreating coastline set the scene for the forma¬ 
tion of Lake Bungunnia. Evaluation of its origin and 
drying provides critical information on sea levels 
and environments during and after its existence; it 
provides the critical starting point for development 
of the surface latidform and ecosystem tapestry de¬ 
veloped on it today. 

Formation of the lake was attributed to blocking 
of the palaeo-river system by uplift on the Pinnaroo 
Block just south of Swan Reach near Nildottie 
(David 1950; Firman 1965; Stephenson 1968). An 
alternative hypothesis (Malcolm Wallace, pers. 


SITE 

PALAEOMAG 

THICKNESS 

DURATION 

RATE 


BOUNDARY 

(m) 

(ma) 

mm/ka 

Chowilla 

Jaramillo-Olduvai 

3.0 

0.78 

3.84 


Olduvai-Gauss 

3.0 

0.81 

3.7 


Jaramillo-Gauss 

6.0 

1.57 

3.8 (average) 

Tyrrell West 

Olduvai-Gauss 

3.0 

0.81 

3.7 


Gauss-Gilbert 

7.3 

1.0 

7.3 


Olduvai-Gilbcrt 

10.3 

1.81 

5.6 (average) 


Table I. Deposition rates in sequences at Tyrrell West and Chowilla estimated from ages of magnetic reversal boundaries 
(Cande & Kent.1995). For details of sequence dating see An et al. 1986. Figs. 7 & 8). 
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Fig. 10. Elevation diagram showing salt lakes (salinas) and boundaries of major parabolic and irregular dune fields (Lowan 
Sands of Lawrence, 1980, and Molineaux Sands of Firman, 1966c) in western Murray Basin with outlines of the former lake. 
Note association of salinas with central depressions of Lake Bungunnia basins. Boxes define area of Figs. 11 & 12. 


comm) proposed lake formation by damming a 
major drainage system, that of the ancestral Murray 
which flowed south excavating a wide valley now 
occupied by the Wimmera River , the Douglas 
Depression (Figs. 10 & II). 

In this alternative interpretation, the Douglas 
Depression is seen as defining the course of the an¬ 
cestral Murray in which uplift near Douglas resulted 


in the formation of Lake Bungunnia. This theory 
makes an important contribution in drawing atten¬ 
tion once more to the anomalous nature of the Wim¬ 
mera River flowing in the Douglas Depression. 
However, the notion of lake formation by uplift and 
defeat of a south-flowing ancestral Murray River by 
uplift near Douglas is not supported by geomorphic 
evidence. 
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Fig. 11 A. Elevation diagram showing distribution ofWimmera wetlands south of Little Desert illustrating beaded pattern 
of aligned lakes in swales of Barilla Sand ridges. (Image courtesy Millicent Coast Catchment Management Authority). 


Fig. I IB. Enlarged area within 11A to highlight Douglas Depression extending south from Mt. Arapiles past Douglas to 
the sill or overflow level of former lake beyond which drainage feeds the catchment of the Glenelg river. Lake colour sys¬ 
tem according to classification of Corrick (1982). 


The Douglas Depression in its northern margin 
coincides with the southern margin of the lake 
(Fig. 8). No northward extension of a major river 
channel is known. Tectonic damming of a major 
river inevitably involves substantial changes in mor¬ 
phology and sedimentation both upstream and 
downstream of the dam. Characteristic features of 
such defeat including terracing, deep gorge incision 
at the defeat point involving accelerated erosion and 
upstream deposition are absent. 

Defeat on the Padthaway structure to form the 
lake earlier than 3.5 nia (basal lake sediment age at 
L. Tyrrell) would require shoreline migration well 
south of Douglas with substantial uplift on the 
Padthaway structure at that time. That chronology is 
inconsistent with current evidence. 


The presence of a major river entering the sea 
along the Douglas Depression would inevitably in¬ 
volve substantial estuarine development. No such 
evidence exists. 

The identification of the Douglas Depression as 
formed by major south flowing system is supported, 
but not by the ancestral Murray River as proposed. 
The explanation lies rather in the presence and 
action of a major overflow system from the 
northerly Lake Bungunnia, an overflow outlet devel¬ 
oped late in the history of lake development, per¬ 
haps after coastal retreat south of Douglas. Details 
of lake evolution are set out below and later summa¬ 
rized (see Fig. 21). 

Drainage systems. The history of the lake in¬ 
volves the entry and outlet of major basin drainage, 
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especially the Murray-Darling river system. While 
definitive evidence of early channel locations re¬ 
mains obscured by later deposition, some observa¬ 
tions are relevant. 

The Darling River clearly entered from the 
north. It may therefore be expected to have left a 
legacy in that region. Two observations are relevant, 
one relating to the passage past the large Millewa 
ridge with its 80 m of Parilla Sand, the other relating 
to passage west across the I lamlcy Fault. 

Thorne et al. (1990) record lake sediments more 
than 50 m thick on the northern ridge margin, their 
Wentworth trough west of Lake Culleraine. Fluvial 
sediments south of the ridge are documented in 
thick sands and gravels near Loxton (Firman 1973; 
Kotsonis 1995). River passage past the ridge 
(Fig. 4C) almost certainly involved a course closely 
related to the present river course cutting the ridge 
near Chowilla, a course later to be flooded by further 
downstream damming. The large volume of sand in¬ 
volved in construction of the Millewa ridge may it¬ 
self reflect clastic sediment supplied by the river 
system entering the coast on its north-western mar¬ 
gin near Chowilla. 

The second feature involves passage by the an¬ 
cestral Darling across the Hamley Fault at the 
Kingston-Overland Corner junction (Fig. 4E). Pro¬ 
gressive movements on this structure are defined by 
contrasting stratigraphy cast to west across it. Not 
only arc Murray Group limestones displaced across 
the fault (in excess of 14 m) but of more importance, 
the presence of thick fluviatile Loxton Sand in the 
eastern Kingston-Loxton region has replaced marine 
Parilla equivalents. The presence of thick units 
(more than 14 m at Loxton) of fluviatile sands and 
gravels passes west across the fault to be replaced 
there by estuarine facies of the Northwest Bend For¬ 
mation. Moreover, Upper Miocene Bookpurnong 
marls, present at the base of sections near Loxton, 
are absent west of the fault where Northwest Bend 
oyster facies grade into and arc often inter-bedded 
with Parilla Sand (Firman 1996a; Kotsonis 1995). 

The crossing point, designated here as “The 
Hamley Gap” presents evidence of erosive stream 
activity antecedent to uplift on the Hamley fault and 
contributing to lake formation by flow impedance 
on the western margin of the Loxton basin. The flu¬ 
viatile sands and gravels extending from Loxton to 
Kingston clearly define fluvial deposition in the 
downthrown side of the fault. Additionally, later lake 
shoreline expressions of eastern (Loxton) and west¬ 
ern (Bungunnia) basins converge to cross the Ham¬ 


ley Fault precisely at the point now occupied by the 
present river. Shoreline convergence at this point 
(Fig. 4E) implies the presence of re-existing incision 
sufficient to link eastern and western sub-basins 
across the fault. It suggests antecedent fluvial action 
during pre-lake movements on the fault. Uplift here 
would produce upstream obstruction with diversion 
of internal drainage into depressions of the Loxton 
basin. I bis has additional importance downstream. 

Overflow to the west of the ancestral Darling at 
this point (perhaps jointly with the Murray) discharg¬ 
ing large quantities of fresh water present is consis¬ 
tent with substantial estuarine conditions in the west. 
Such conditions would persist until final damming of 
discharge blocked by later high ridge development 
near Nildottic. perhaps assisted by slight uplift of the 
Pinnaroo Block as suggested by others (Fir¬ 
man 1966a; Stephenson 1986). Such dam would ef¬ 
fectively terminate upstream estuarine conditions 
marking to onset of lacustrine deposition. The pres¬ 
ence of extensive estuarine facies of the Northwest 
Bend formation (Ludbrook 1961) characteristically 
present in the western Blanchctown Basin, lends ad¬ 
ditional substance to this interpretation. 

While a depositional legacy of Darling River 
flow is reflected in stratigraphic data, the involve¬ 
ment of the Murray from the east remains more ob¬ 
scure. We may assume it was waters of Murray 
origin that flooded the Tyrrell Basin to deposit early 
Lake Bungunnia sediments. Overflow from early 
Tyrrell and Raak Basins may well have joined the 
Darling with outlet to the west, deflected around the 
Millewa Ridge. 

Further south, an enigmatic feature defines early 
east to west drainage near Horsham. Radar imagery 
displays an east-west channeled depression on the 
southern margin of Parilla ridges trending east from 
Horsham towards Lake Buloke (Figs. 2, 4A). 
Though now obscured by later alluvial and acolian 
cover, this drainage system appears to have joined 
the Douglas Depression just west of Horsham with 
possible discharge into the Pliocene sea near Ara- 
piles. Although not identified in drilling records, a 
low alluvial plain some 10-12 km wide, truncates 
Parilla ridges cast of Horsham indicating activity 
probably during and after ridge formation cast of the 
Wimmera River (Fig. 2). The wide alluvial tract sug¬ 
gests erosional-dcpositional systems greatly in ex¬ 
cess of the present Wimmera River capacity. It 
points towards coalescence of streams draining the 
northern slopes of the Central Highlands involving 
the Richardson, Avon and possibly even the Loddon 
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Fig. 12. Dry lake basins showing pattern of multiple 
lunettes at Wirrengren, Wyperfeld National Park, and Lake 
Buloke, near Donald. Note similarity in large outer sandy 
ridges at both sites, evidence of early (post-Bungunnia) 
expanded lakes. Contraction of shorelines reflects progres¬ 
sive drying trend over last 500 ka. Outer lunettes now over¬ 
ridden by longitudinal dunes at Wirrengren. For locations, 
see Figs. 4A & 10. 


Rivers following the southern margin of the retreat¬ 
ing coastal ridges. More easterly catchments may 
also have been involved although such evidence is 
now thoroughly obscured following more than 2-3 
million years since abandonment. This system may 
explain widespread alluvial deposition of clays of 
the Wimmera soils type as proposed by Blackburn 
(1962a) in his proposition of Murray River diversion 
to this region. Requiring further subsurface infor¬ 
mation to clarify its functions, this feature invites 
more careful consideration of Blackburn’s hypothe¬ 
sis of major palaeo-drainage of this type. 

Lake origin by tectonic subsidence. The tendency 
to seek simplistic solutions conceals the complexity 


of incremental movements over long periods in the re¬ 
gion's multiple fault systems. The explanation pro¬ 
posed here, although integrating available evidence, 
is necessarily constrained by paucity of chronological 
and additional sub-surface data. It emphasises the 
special importance of intra-basin formation. 

Each sub-basin is bounded by faults, the struc¬ 
tural expression of which has modified surface to¬ 
pography after retreat of the sea. While uplift effects 
are readily visible, each such stage was accompanied 
by a complementary down-faulted depression. Such 
zones, partially buried by younger sediments, arc ob¬ 
scured from the surface record. Stratigraphic cross- 
sections through the Raak and Tyrrell sub-basins 
demonstrate basin thickening of Blanchetown Clay 
(in excess of 50 m, Thorne et al. 1990) providing 
strong support for earliest lacustrine deposition by 
basin nucleation in adjacent though not necessarily 
inter-connected depressions. This explanation pro¬ 
poses formation of initially multiple water bodies 
controlled by local basin nucleation following de¬ 
pressions in the emerged Parilla Sand topography, an 
explanation proffered by previous workers (Lawrence 
1975; Lawrence & Goldberry 1973). Early basin de¬ 
velopment is supported by stratigraphic evidence of 
pre-Plioccne down-warping of Murray Group lime¬ 
stones east of the Danyo Fault in the Pink Lakes-Mur- 
rayville area (Gloe 1947; Lawrence 1975a). 

The coincidence of lake depo-eenlres with the 
distribution of the Upper Miocene Bookpurnong 
Beds (Fig. 13) provides additional evidence. Parallel 
patterns between Bookpurnong isopachs (Brown & 
Stephenson 1991. Plate 14) and the 60m shoreline of 
Bungunnia demonstrate the pervasive influence of 
pre-lake tectonic controls with special emphasis on 
depressions as sediment accumulation controls. This 
relationship confirms the reality of local intra-basin 
tectonics (Tyrrell. Raak, Loxton and Blanchetown) 
as providing the controlling mechanism producing 
initial lakes. Linking of such impeded water bodies 
to form the large lake resulted in development of a 
western overflow to the sea as summarised diagram- 
matically (Fig. 21). 

The western outlet with its estuarine marine 
equivalent was finally disrupted by closure near Nil- 
dottie associated with slight uplift on the Pinnaroo 
Block (Firman, 1965) perhaps assisted by deposition 
there of the substantial sand barrier. This closure 
flooded the western Blanchetown Basn resulting in 
major upstream lake enlargement. That rise in level 
would produce the new outlet to the south following 
the north-south ridge swales beginning the excava- 
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Fig. 13. Isopach map of Upper Miocene-Lower Pliocene Bookpurnong Marls (Brown & Stephenson 1991, Plate. 14) 
draped over elevation image showing relationship between Miocene basins (thick Bookpurnong) to Blanchetown Clay 
extent in Tyrrell, Loxton and Raak basin depressions. Perpetuation of tectonically controlled depressions has exerted basic 
control over origin, distribution and thickness of Lake Bungunnia’s sedimentary record. 


tion of the Douglas Depression. Basin initiation in 
the east would result in diachronous age relation¬ 
ships with basal sediments oldest in the east (thick¬ 
est) and younger in the western Blanchetown basin 
(thin sequence). 


Shoreline position at time of lake formation. The 
presence of lake sediments older than 3.5 rna in the 
Tyrrell basin suggests shoreline passage past that 
point near 4 million years ago. The correlation of 
other shorelines with lake formation presents 
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difficulties. With complex tectonic structures oper¬ 
ating in separate sub-basins, the present expression 
of the final lake conceals the complexity of its ori¬ 
gins and evolutionary history. Tectonic modification 
associated with lake formation should be reflected 
in changed orientation of associated shorelines. 
Such evidence is available in southeastern strand¬ 
lines patterns near Horsham. 

East of the Wimmera River, shorelines retain par¬ 
allel orientation bearing approx. 14° west of north. 
Immediately west of Lake Hindmarsh, parallel ridges 
trend at 30° west of north demonstrating a 16° dis¬ 
cordant orientation between ridges at this point 
(Fig. 4B). Such effects producing minor coastal re¬ 
alignment are precisely those that may arise from 
slight uplift in landwards areas to the north (on the 
Danyo Fault) with complementary subsidence focus¬ 
ing drainage into tectonically controlled depressions. 

In bores across the Wimmera River north of 
Dimboola, the upper surface of Miocene limestone 
in the east lies some 25 m above the equivalent level 
in the west. Moreover, Bookpurnong marls, absent 
in the relatively thin sequence on the east, are 
preserved in the thick, deeper water facies on the 
west providing support for tectonic movement. 
Younger ridges on the west have eroded older ones 
on the eastern depression margin (Fig. 4A) consis¬ 
tent with deformation along the Wimmera River as 
in the presence of the proposed Hindmarsh Fault 
(Johns & Lawrence 1964). 

The discordant junction in the north-south ridge 
pattern provided a ready source for lake overflow 
after closure of the early western outlet. The new 
southern overflow excavating the Douglas Depres¬ 
sion would have continued channel deepening and 
flowing to the sea past Mt Arapiles to south of Dou¬ 
glas. It was only during late stage development that 
progressive uplift along the Padthaway structure im¬ 
peded outlet drainage with further incision at the 
overflow point. 

The lake adjusted to each stage of inflow and 
successive uplift on the overflow outlet by comple¬ 
mentary areal expansion limiting stream ability to 
incise the overflow point. In this sense, the overflow 
explanation stands in contrast to the theory of high - 
energy major river blockage with dynamics capable 
of bedrock gorge incision for which such evidence is 
lacking. With continued uplift and overflow energy 
enough only to remove unconsolidated sediments, 
the upstream lake got progressively larger and 
deeper, reaching its level of maximum lake expan¬ 
sion defined by the remnant shoreline at the 60 m 


AHD level. This marks the point of defeat on the 
overflow sill, at which point areal expansion ap¬ 
proached hydrologic equilibrium, overflow ceased, 
the lake became at least temporarily a terminal 
system. 

This interpretation may have significant impli¬ 
cations for the mineral sands industry. The expan¬ 
sion of the lake would temporarily prevent lluvial 
elastics from entering the sea leaving the only 
source to marine erosion processes. Thus mineral 
sands of Wemen and Horsham would correlate with 
strandlines older than 3.5 ma. Shorelines younger 
than this age would experience diminished heavy 
minerals due to effective blocking of river entry by 
lake formation. Erosion of the numerous older stran¬ 
dlines reworked by the later lake outlet channel in its 
excavation of the Douglas Depression south of 
L. I lindmarsh would constitute a secondary phase of 
mineral enrichment. Such secondary concentrates 
would accumulate on shorelines equivalent in age 
and location to the overflow outfall into the sea. 
Mineral sand deposits near Douglas would seem 
consistent with this explanation. 

Development of a new outlet in the west away 
from the south-eastern uplift zone would be assisted 
by slight tilting to the north-west (uplift in south¬ 
east). The now abandoned overflow depression re¬ 
mained as a broad depression now with gradient 
reversed to the north reflected in the modern day 
Douglas Depression. It provided a ready-made 
course for the north-flowing Wimmera River. This 
sequence is summarised diagrammatically (Fig. 21). 
The draining of Lake Bungunnia set the scene for 
the development of the modern Mallee landscape, 
dune fields, wetlands and salinas (Fig. 10). 

WETLANDS 

Palaeo-lakes 

In a landscape characterised more by the absence 
rather than the presence of surface waters, land- 
forms related to water take on significance far in ex¬ 
cess of their areal proportions. In this way, fossil 
lakes and wetlands continue to provide focal points 
in terms of their scientific and cultural significance. 
Many preserve multiple shoreline dunes, evidence 
of previous periods of major hydrologic change. Of 
special importance are the basins in the southern 
Mallee-Wimmera zone where chains of lake basins 
in swales between Parilla sand ridges constitute wet- 
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lands of immense ecological and cultural signifi¬ 
cance (Fig. 11). Typical examples of large outer 
sandy lunettes (evidence of expanded lakes) at 
Wirregren and Bulokc (Fig. 12) provide reminders 
that past times have been alternately much wetter 
and much drier than today. 

Their ability to act as ancient rain gauges has 
provided a key to understanding environmental his¬ 
tory. Lunette lakes in particular have proved to be 
valuable archives of change (Hills 1940; Stephens & 
Crocker 1946; Bowler 1971, 1973; Macumber 
1970). Palaeoclimatic and hydrological records de¬ 
rived from them are matched only by the rich 
archives of human cultural history they continue to 
reveal. Such sites include lakes of the Darling River, 
the Willandra World I leritage area. Lake Tyrrell and 
Kow Swamp to mention just a few. The recent dis¬ 
covery of 20,000 year old human footprints pre¬ 
served on an evaporite pavement in the Willandra 
system (Webb ct al. 2006) provides a remarkable ex¬ 
ample. Records from the Willandra Lakes are used 
here to help elucidate climates of the last glacial 
cycle (see Fig. 17). 

Playas/Salinas 

Groundwater-surface water relationships. The influ¬ 
ence of saline waters in the production of clay and 
gypseous dunes (lunettes) has been documented 
elsewhere (Bowler 1983; Macumber 1991, 1992; 
Cupper 2006). While the Murray Basin in general, 
together with the semi-arid region of southwestern 
WA, contains an abundance of lake-lunette exam¬ 
ples, the Mallee is distinctive in its prevalence of 
gypseous dunes. Controlled dominantly by discharge 
of saline groundwater into shallow depressions, they 
represent fossil landforms of Late Pleistocene hydro- 
logic change. In their location, such salinas arc 
closely related to depression legacies in the drying 
stages of Lake Bungunnia (Stephenson 1986). Their 
central locations in the Bungunnia sub-basins (Lox- 
ton. Rank and Tyrrell) emphasises that relationship 
(Figs. 4B& C, 9). 

As lowest points in their local region, they have 
acted as sites most sensitive to fluctuations in both 
surface and groundwaters. As such these salinas or 
boinkas as proposed by Macumber (1980, 1991) be¬ 
come critical focal points in our understanding of 
both present and past groundwater dynamics. They 
become potential sites for expanded saline ground- 
water discharge and evaporative concentration. They 


frequently provide the locus for commercial gypsum 
extraction (Lawrence 1971). 

Excellent examples are provided in the Tyrrell, 
Raak. Pink Lakes and Noora basins (Fig 9) together 
with playas north of the Murray at Nulla, Pine Camp 
and Scottia complexes (Ferguson et al. 1997; Cupper 
2003, 2006). As products of ancestral Lake Bungun¬ 
nia, such basins record post-500Ka hydrologic 
changes as summarized in Lake Tyrrell (Macumber 
1991, 1992; Teller ct al. 1982; Bowler & Teller 1986; 
Luly 1993; Luly et al. 1986). The influence of cyclic 
change has often resulted in contraction producing 
lake-in-lake or nested structures (Jacobson ct al. 
1994). Cyclic oscillation of post-Bungunnia wet-dry 
environments is further evident in the interlaying of 
lacustrine and aeolian copi deposits in profiles 
recorded in lake-margin deposits at Pink Lakes 
(Macumber 1980, p. 79). Playas in the Pine Camp- 
Cooinda area near Nulla (Fig. 10) reviewed by Cup¬ 
per (2006) demonstrate the ability of small elevation 
changes to produce out-of-phase responses between 
individual basins, a point established by Macumber s 
(1991) studies in the Raak-Pink Lakes and Hind- 
marsh-Wirrengren regions. 

AEOLIAN COMPONENTS 

Dune fields 

Widespread dunes and related aeolian components 
(lunettes, Boinka gypsum ridges, pama) identify 
landforms most characteristic of the Mallee region 
(Fig. 10). Details of individual dune types (sub-par¬ 
abolic, irregular, linear, lunettes) have been provided 
by previous workers (Hills 1939, 1975; Lawrence 
1966; Bowler & Magee 1978). Major arrays of ex¬ 
pansive sub-parabolic forms have coalesced to form 
major fields of now vegetated, stable siliceous dunes 
(Sunset, Big and Little Deserts). In many cases sleep 
crestal forms are retained today under woodland 
cover closely preserving the profile of migrating 
dunes even long after stabilization by vegetation col¬ 
onization. Siliceous dune have been identified in the 
parabolic Molincaux and Bunyip Sands in South 
Australia (Firman 1966c) and in the Lowan Sands of 
Victoria (Lawrence 1966). These contrast with the 
calcareous, clay-rich dune fields with predominant 
linear forms, the Woorinen Formation of Lawrence 
(1966). Dunes of the Victorian Mallee (Lowan Sand 
and Woorinen Formation) have been classified and 
mapped by Lawrence (1980, Fig. 7.1) identifying 
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linear, tear-drop and parabolic forms throughout the 
Little, Big and Sunset Deserts. 

Although derived mainly by reworking of un¬ 
derlying Parilla Sand, initiation of parabolic forms 
of the Little Desert and Big Desert in particular ap¬ 
pears closely related to the presence of younger 
coastal dunes of Bridgewater age with which many 
inter-relate on their western extremity. The actual 
distance sand has traveled from source may not be 
reflected simply by distance from the apparent 
source. Two examples are relevant. 

Firstly, in the Bunyip Sands complex of 5 dune 
fields downwind of the Murray River between Mor¬ 
gan and Mannum. dunes form extending some 25 
km from the channel overlie Bungunnia Limestone 
and Bakara calcrete (Firman 1967, 1972). Parent 
sands clearly were derived from the river involving 
easterly transport of large sand volumes in excess of 
20 km (Figs 4E, 15) 

Secondly, in the elongate extension of parabolic 
dunes of the Little Desert extending some 150 km 
from near Bordertown in the west to Dimboola on 
the Wimmera River in the east (Fig. 2), the actual dis¬ 
tance of sand transport bears little relationship to the 
actual length of the dune field. Immediately south of 
Little Desert in the Edenhope-Arapiles region small 
localised siliceous dune fields emanate from Parilla 
Sand ridges involving sand transport less then 2-10 
km. If such nucleation sites were to expand, their co¬ 
alescence would result in an apparently integrated 
dune Field of lateral extent bearing little relationship 
to the distance of sand migration (see Lawrence 
1975b, Geology & Geomorphic Map). 

In many cases, examples of substantial dune mi¬ 
gration tlo appear as in the transgression of Little 
Desert dunes across the Wimmera River near Dim¬ 
boola or as irregular frontal lobes extending eastwards 
across western margins of lacustrine depressions as on 
the western side of the Raak Boinka (Fig. 10). Inter¬ 
action of dune field migration with lacustrine expan¬ 
sion documented in the Raak system (Macuntber 
1980) has resulted in isolation of dune remnants pre¬ 
served as “islands” on the expanded playa floor. 

The presence of 4 to 5 regional palaeosols 
(Churchward 1961. 1963) in associated longitudinal 
dunes (Woorinen Formation of Lawrence, 1966) pro¬ 
vides important evidence of cyclic periodicity in arid 
and stable, soil-formation phases as reviewed earlier 
(Bowler 1980). The last phase of instability is placed 
in the 25-16 ka range, a response to the last phase of 
glacial age aridity (Bowler 1998: Cupper2006; Hesse 
et al. 2004). An earlier phase of dune mobility in the 


period 65-51 ka is recorded in western NSW (Cupper 
& Duncan 2006) and in the Lake Frame region of 
South Australia (Fitzsimmons et al. in press). 

Dune colour and soil origins. A north to south 
variation in colour of dune sands rctlects a relation¬ 
ship to source areas affected by differing degrees of 
pedogenesis. Brick red sands of the Sunset Desert 
contrast with pale, nearly white sands of the Little 
Desert. Sands of the Big Desert in between possess 
a range of pale red to yellowish red colours midway 
between the two. 

Colour of quartz grains is determined largely by 
the presence or absence of microscopic clays coat¬ 
ing each grain (clay skins or cutans). Such features 
are imparted to the quartz by soil forming processes 
during periods of stability. Under oxidizing condi¬ 
tions, illuvial clays coat quartz grains, ferric iron 
imparting the red colour typical of regional soils. 
Depending on the duration of the stable, soil-form¬ 
ing period, the red colour extends to depth, as in the 
soils of the Karoonda Surface. When such soils are 
mobilised under arid conditions, the resulting dunes 
preserve their clay skins imparting the red colour in¬ 
herited from the parent soil. 

Variation in colour of Malice sands therefore re¬ 
flects characteristics of the parent sediments and es¬ 
pecially the nature of soils front which they were 
derived. In this context, Lowan and Molineaux 
Sands in the south, derived from young, calcareous 
Bridgewater age sediments lack evidence of cutanic 
soil development. By contrast, dune fields further 
north, derived from weathered Parilla Sand, preserve 
the imprint of Karoonda-type, deep red colours in¬ 
herited from eroded Parilla ridges. 

Parna 

The historical work of Butler (1956) in defining the 
presence and importance of dust components over 
large areas of the landscape has special relevance to 
the Malice region. The occurrence of present day 
dust storms provides a stark reminder of just how 
prevalent such processes were in past times of am¬ 
plified aridity. Studies of soil layering (Churchward, 
1961, 1963) helped define the rale of suspended 
load as an important contribution, especially to 
Woorinen type soils. Additionally, the importance of 
parna generation and acquisition during glacial cy¬ 
cles. although small in magnitude, remains a fre¬ 
quent though largely undefined component in 
Mallee landscapes (Hesse 1994, 1997; Hesse & Me- 
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Tainsh 2003). At times the Mallee region has been 
both a source and a sink for dust transfer. The re¬ 
sulting legacy of cyclic change remains more as dif¬ 
fuse but important soil components rather than 
discrete landform features. The telltale signals of 
distant dust (Wiistenquarz, silt-sized quarts with red 
clay coatings) in lake sediments and lake-shore 
lunettes provides a key to recognition of regional 
dune field activation as in studies at Lake Mungo 
(Bowler et al. 2003). 

SOILS 

The Mallee environment offers excellent examples 
of soils as geomorphic landscape features formed 
under different controlling conditions (time, climate 
and parent materials). Early workers under the for¬ 
mer CS1RO Division of Soils pioneered principles 
of soil stratigraphy and applied them with success 
across the Murray Basin. Using sediment-soil cycles 
as established earlier in the Riverine Plain (Butler 
1958), Butler extended the notion of cyclic sedi¬ 
mentation to the region near Mildura (Butler 1980). 
Northcote (1980) in studies of Mallee soils de¬ 
scribed physical properties, chemistry and structure 
with relationships to parent materials depending on 
whether formed on Parilla Sand, Blanehetown Clay 
or on dunes of the Woorinen type. 

Butler’s principles of soils as landscape units 
were further adapted to stratigraphy of Woorinen 
Formation dunes by Churchward (1961, 1963) 
defining the sequence of cyclic palaeosols, one of 
the earliest expressions of Quaternary climatic os¬ 
cillations in Australia’s arid zone landscapes. Woori¬ 
nen polycyclic palaeosols overlie and extend beyond 
Bungunnia sediments reflecting cyclic climatic 
changes of the last 5-600,000 years. Red calcareous 
soils, often with chalky carbonate segregations are 
widespread in contrast to siliceous, non-calcareous 
sands of the parabolic dune field types (Lowan and 
Molineaux Sands) with deep acidic podsols. 

CSIRO studies by Blackburn et al. (1965, 1967) 
identified the special importance of coastal cal- 
carenite ridges (Bridgewater Formation) in the de¬ 
velopment of terra rossa soils. Studies of Wimmera 
Clays (Blackburn 1962a) emphasised the influence 
of fluvial processes in which the possible influence 
of aeolian components (parna of Butler & Hutton 
1956) set the scene for later studies. 

The Malice offers examples of contrasting soils 
formed at various timescales. The Plio-Pleistocene 


climatic signal involves changes from often deeply 
weathered acidic lateritic podsols of the Karoonda 
surface developed on Parilla Sand, to younger alka¬ 
line profiles with preservation of secondary carbon¬ 
ates. While parent materials, especially the presence 
or absence of primary carbonates, plays an impor¬ 
tant part in such differences, especially in the case of 
calcretes developed on parental Bungunnia Lime¬ 
stone, the prevailing change from acidic to alkaline 
soils reflects the influence of climatic change to¬ 
wards drier conditions. 

At timescales of glacial-interglacial cycles 
(~ 100 ka) expressions of time and climate in con¬ 
trasting soils are provided by profile examples 
formed on lunettes of different age on similar mate¬ 
rials derived from any one lake. Deep red calcareous 
soils of the type developed on interglacial units of 
the Golgol unit in the Willandra lakes (>120 ka) 
have widespread correlative expression in many 
basins throughout the region. Related outcrop oc¬ 
curs at Lake Tyrrell (Macumber 1991; Stone & Cup¬ 
per 2006) while equivalent units occur as buried 
profiles at Tutchewop, Wandella and L. Victoria. 
These stand in marked contrast to adjacent (or over- 
lying) less well organised brown solodic soils dating 
from deflation events of the last glacial stage (about 
20-15 ka) typified by Zanei unit soils of the Willan¬ 
dra Lakes (L.Mungo or L. Chibnalwood in Bowler 
1998; Dare-Edwards 1984). 

SECTION II. ENVIRONMENTAL 
RECONSTRUCTION 

It is now appropriate to address features associated 
with the wider evolution of the region, a context 
within which custalic, tectonic, palacohydrologic and 
palacoclimatic elements come together in a time-con- 
trolled framework. Although more detailed and pre¬ 
cise chronologies are desired, a conceptual synthesis 
is offered of the present state of knowledge. 

PARILLA-BR1DGEWATER TRANSITION 

The change registered near Bordertown, from Par¬ 
illa to Bridgewater formations, the Naracoorte-Bor- 
dertown transition described earlier, involves 
important changes in dcpositional styles reflecting 
important changes in controlling dynamics. Parilla 
deposition is characterised by shoreline siliceous 
sands grading to shallow depth (less then 40 m) to 
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offshore marls of the Bookpurnong Beds (Brown & 
Stephenson 1991). The marl facies is preserved 
across the northern part of the basin but is absent in 
southern areas particularly across the Padthaway 
ridge acting as a shallow water barrier inhibiting 
fine facies preservation. The preserv ation of shallow 
water Bookpurnong marl is not entirely consistent 
with control by “long period swell waves” (Roy et 
al. 2002, p. 1124). Deposition to preserve the marls 
involves wave base less than 60 m, a reflection of 
relatively low energy environments, a feature con¬ 
sistent with the absence of dune building on shore¬ 
lines of that age. Additionally, fine textured 
sediments of correlative age across both the Port 
Phillip and Gippsland Basins similarly reflect shal¬ 
low wave base environments. 

By contrast, Bridgewater Formation with shelly 
calcarcnile shoreline facies equivalent to shoreline 
development today, reflects deep wave base, high- 
energy conditions similar to those which with large 
wavelength swell (12 to 14 second periodicities) 
sweep the continental shelf today to depths greater 
than 100 m. The transition, Parilla to Bridgewater 
involving a major change in wind and wave regimes, 
defines a change to deep wave base, high-energy 
conditions, a change of major importance to our 
understanding of dynamics driving climatic change 
in this region with implications for the wider global 
context. The timing of this change is examined later. 

TECTONICS & EUSTATICS 
Uncoupling relative effects 

The pattern of parallel shorelines, acting as a virtual 
palaeo-contour map, offers special opportunities to 
identify patterns and magnitude of tectonic changes. 
Sea level retreat unaffected by tectonic modification 
results in a pattern of continuously parallel or accor¬ 
dant outlines. Although such patterns are apparent 
throughout large areas, that is not to say that tectonic 
activity was absent. Sub-marine tectonic modifica¬ 
tion involving activity of growth-faults (Roy ct al. 
2000) provided important sites for heavy mineral 
concentration. I lowever, so long as the magnitude of 
eustatic change remained greater than incremental 
tectonic movement, no surface expression is evident 
until emergence after coastal retreat. Thereafter, any 
tectonic movement retained surface expression. It 
was precisely this situation that provided the tec¬ 
tonic depressions that initiated formation of Lake 


Bungunnia. Such evidence is suggested by small 
changes in strandline orientation. 

As identified earlier (Fig. 4A), variation of some 
16° in strandline trends from east to west across the 
line now defined by the Wimmera River, is consis¬ 
tent with slight uplift in the south east near Horsham 
corresponding to depression in the north west. 

A second important relationship between shore¬ 
line geometry and tectonic modification involves 
the regularity of spacing between successive inter¬ 
glacial high sea level strandlines. 

On a stable, low gradient landscape, successive 
high sea levels on the 20-40ka periodicity of Pliocene 
to early Quaternary would produce regular strandline 
patterns. By contrast, on a tectonically rising land¬ 
scape, uplift between successive high sea levels results 
in a change in successive strandline development, the 
space between ridges being a function of uplift rates 
and periodicity of sea level oscillation. 

Evidence of both pattern types is expressed in the 
ridge sequences. From near Lake Hindmarsh in the 
north past Mt. Arapilies, to Edenhope concordant 
spacing is maintained. By contrast, immediately west 
between Edenhope and Apsley (with equivalent 
northwest at Bordertown), Parilla Sand ridges die out 
giving way to irregularly spaced ridges west of the 
Apslcy-Bordertown line with the first appearance of 
w r idely spaced ridges of the Bridgewater Formation. 

In this situation where global isotope curves 
demonstrate continuation of the 20 to 40 ka inter¬ 
glacial cycles (Fig. 7), the distinct change in shoreline 
spacing represents the first major signal of Padthaway 
domal uplift synchronously displacing shoreline loca¬ 
tion. The change in ridge development corresponding 
to the last of Parilla Sand type ridges near Edenhope 
signals the first example of Padthaway uplift exerting 
dominant control of strandlinc development marked 
by the Bordertown-Apsley lineament. Thereafter, 
from the Bordertown-Apsley line to the coast, the 
magnitude of uplift between successive interglacial 
sea levels was sufficient to ensure increased spacing 
between successive strandlines. 

This relationship establishes a framework within 
which we may now reconstruct the sequential inter¬ 
action of tectonic and eustatic changes responsible 
for the evolution of this south-western region of the 
Murray Basin. 

Fig. 14 illustrates diagrammatically a SW-NE 
section from the coast via Naracoorte, Apsley, Eden¬ 
hope, Mt Arapilcs to Lake Hindmarsh. Elevations 
represent equivalent ridges at approximate beach 
(rather than aeolian crestal overlay) level diagram- 
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Fig. 14. Diagram illustrating 4-stage evolution of coastal topography south of Lake Hindmarsh. Parilla Sand ridges up¬ 
lifted resulting in blockage of Bungunnia overflow system (Douglas Depression) as elevation passes 60 metres. Continued 
uplift associated with major change from Parilla to Bridgewater facies with shoreline arrival at Naracoorte close to 1 ma. 
For explanation, see text. 


maticaliy representing sequential evolution of ridge 
elevation changes through time. The equivalent posi¬ 
tion of the lake overflow sill level (point of topo¬ 
graphic inflection) at the southern end of the Douglas 
Depression is projected to the position opposite the 
axis of uplift. The sill on the southern margin of the 
depression (Fig. 11B) equates with the shoreline now 
represented by maximum ridge elevation (Lawloil- 
Diapur Ridge, Figs. 2, 11 A) on the axial line of max¬ 
imum uplift. From established relationships between 
changes in ridge spacing and dominant influence of 
tectonics, the sequential pattern of coastal retreat, up¬ 
lift and drainage modification is now apparent; it is 
outlined here in successive stages. 

In establishing this hypothesis, the origins of 
today's differential elevation change between sites (e.g 
Apsley 120 m to F.denhope 155 m, a difference of 35 
m) is assumed to have developed by incremental tec¬ 
tonics soon after the coast retreated from each site. 
Such synchronous uplift is necessary to explain the rel¬ 
atively abrupt changes in the records of shoreline spac¬ 
ing to the present coastline. Just as the elevation of 
Naracoorte (70 m) has formed in the past million years, 
elevation changes between successive inland sites on 
the transect are related to uplift magnitude in the time 
between successive interglacial ridge formation. 

In Fig. 14. the initial scene is set when the coast 
was located at the position equivalent to the main 


axial Lawloit-Diapur ridge (Figs. 2, 4A, 11A), On 
the pattern of falling sea levels, the interglacial level 
at this time may have stood significantly higher than 
today; a level near 20 m above present is assumed as 
a starting point. From the geomorphic evidence of 
depression formation, this occurred well after the 
formation of the lake overflow system with early 
stage incision into ridge patterns further inland to¬ 
wards Lake Hindmarsh. Successive events arc pre¬ 
sented as a scries of staged development of coastal 
retreat synchronously with tectonic uplift. 

Stage 1. Coastal retreat to Edenhope by which 
time interglacial levels reached those of today. The el¬ 
evation difference between Edenhope to crestal 
beaches may simply result from initially higher sea 
level at time of Lawloit-Diapur beach formation. 
Lowering of sea level by 25 m (crestal beach Eden¬ 
hope elevation) would accelerate overflow drainage 
incision. No evidence of tectonic disruption between 
Edenhope to crestal site. Sill point elevation below 
20 m, probably approaching grade to SL. 

Stage 2. Coastal retreat, Edenhope to Apsley 
(with equivalent at Bordcrtown). Major change in 
ridge expression, final development of Parilla type 
ridge just west of Edenhope leading to major change 
in ridge spacing. Significant uplift equivalent to 
Edenhope Apsley differential, 35m. Initial uplift 
would accelerate overflow incision, especially near 
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point of maximum elevation, later to become point 
of drainage defeat. Sill-point elevation would rise 
accordingly (reaching approx. 40-45m) producing 
significant upstream damming and lake expansion 
with overflow extending to and past Edenhope 
shoreline equivalent position. 

Stage 3. Coastal retreat, Apsley-Bordertovvn to 
Naracoorte Range. Continued uplift equivalent to 
Apsley-Naracoorte differential (50 m). Level of sill 
passes through 60 m, the point at which upstream 
lake expansion reached hydrologic equilibrium, 
evaporative loss balanced net inflow. Overflow 
ceased, lake became temporarily a terminal system. 
Drainage reversed northwards along the now aban¬ 
doned overflow' channel. Major change apparent in 
the first appearance of Bridgewater facies, initially 
closely spaced suggesting control by 40 ka periodic¬ 
ity. Uplift may have involved development of 
Kanawinka Fault sufficient to localise major ridge 
development of Naracoorte Range and its northerly 
extensions. 

Stage 4. Coastal retreat from Naracoorte to pres¬ 
ent shoreline. Continued uplift adds 70 m elevation 
difference. Crestal beach equivalent reaches present 
elevation. The scene is set for development of 
extensive dune fields and associated arid landforms 
characteristic of the region today. 


The change from low Parilla siliceous sand barri¬ 
ers to larger Bridgewater calcarenite ridges marks a 
critical change of regional environmental significance. 

Chronology 

The establishment of this spatial sequence of eusta- 
tic and tectonic changes provides a framework 
within which we may estimate ages of controlling 
events. The established chronology of the Robe to 
Naracoorte one million year sequence acts as basic 
control. As indicated earlier, the systematic varia¬ 
tions across the Naracoorte-Bordertown transition 
provide defining elements of Plio-Pleistocene envi¬ 
ronmental change. That change, associated with a 
major change in marine and atmospheric dynamics, 
provides a key area in the definition of regional en¬ 
vironmental change involving both climatic and tec¬ 
tonic modification. Three points are relevant. 

Firstly, inland from Naracoorte, low, closely 
spaced expression of siliceous Parilla Sand contrast 
with broadly spaced, high calcareous barriers 
seawards of Naracoorte, the Bridgewater Formation 
(Boutakoff 1963; see also Blackburn ct al. 1965). 
Some 8 major ridges of the Bridgewater sequence 
occur in the 100 km between Naracoorte and the 



Fig. 15. Correlation of the coastal barrier system (near Kingston to Naracoorte & Bordertown) with marine isotopic in¬ 
terglacial peaks. Ridge sequence and isotope correlation, Naracoorte to coast from Murray-Wallace ct al. (2001), Fig. 2. 
Naracoorte-Bordertown correlation this paper. Age of first Bridgewater ridge (Cannonball Hill, Fig. 4D) tentatively cor¬ 
related with isotope stages 43 or 47, dated to near 1.3- 1.4 million years ago. For line of section, see Fig. 4D. Isotopes with 
MIS chronology from Tian et al. (2002). Barrier names: (CH) Cannonball Hill. (NE) Naracoorte East, (NW) Naracoorte 
West, (S) Stewart, (W) Woolttmbool, (B) Baker, (A) Ardune. (EA) East Avenue. (WA) West Avenue.(RC) Reedy Creek, 
(WD) West Diary, (W) Woakwine, (R) Robe. 
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coastline. The broadest separation between ridges 
near Naracoorte and Mt Gambier region passes to 
the northwest where ridges converge towards pres¬ 
ent sea level. Since each ridge was deposited at sea 
level, the zone of divergence marks the location of 
most active uplift. The rate of uplift established at 
Naracoorte at 7m/100 ka sets constraints on the re¬ 
lationships between age and spacing of successive 
ridge development. Correlation of ridges in the 
Robe-Naracoorte plain with marine isotope signals 
(Murray-Wallace et al. 2001) provides a systematic 
chronology for that region. 

Secondly, the Bordertown-Keith region pre¬ 
serves the most complete sequence of pre-Nara- 
coorte barriers of the Bridgewater facies (Fig. 4D). 
From west of Bordertown the first such ridge. Can¬ 
nonball Hill (so-called because of chert nodules 
weathering from the older calcarenite), is separated 
some 20-30km from the youngest Parilla reflecting 
a relatively long period during which sea level failed 
to return to equivalent Parilla position. Thereafter a 
succession of up to 5 ridge systems have formed be¬ 
tween Cannonball Hill and the East Naracoorte 
equivalent. Because some ridges merge with each 
other, it is not possible to define whether 5 or 6 in¬ 
terglacial levels are involved. 

Under control of a westerly outcrop of granitic 
basement, ridge patterns here diverge resulting in 
two slightly different sequences, one to the north, 
the other to the south of basement control with areas 
of transition between. Matching areas from north to 
south (Figs. 4D & 15) provides a general recon¬ 
struction of shoreline evolution, a pattern adopting 
the presence of 5 Bridgewater shorelines predating 
the East Naracoorte dune which continues in clear 
unbroken line north of Naracoorte. 

By correlation of that East Naracoorte ridge 
with MIS 25. based on age near 950 ka (Murray- 
Wallace ct al. 2001), the isotopic correlation with 
five earlier ridges may be assessed with respect to 
dated marine isotope stages (MIS). 

The return of interglacial high sea levels to con¬ 
struct these ridges will involve isotopic values ap¬ 
proaching those of present day. In the 5 ls O records, 
such values occur near MIS 31.35,37,39, 43 & 47. 
Lower values near MIS 27, 29 and 33 are unlikely to 
have provided sea levels high enough to be regis¬ 
tered with those immediately before or after. The 
first Bridgewater ridge appears to relate to MIS 43 
or possibly MIS 47. In cither case, the change to 
higher energy status lies in the 1.3 to 1.4 ma ranges. 
This event was synchronous with uplift in displacing 


strandline development west of the Asplcy-Border- 
town line (Stage 3, Fig. 14). 

Thirdly, in the Edenhope-Apsley sector, the rate 
of landward rise may have prevented development 
or preservation of several interglacial stands result¬ 
ing in a significant gap in the sequence. If the first 
Bridgewater ridges arc 1.3 to 1.4 ma range, the last 
of the Parilla sand barriers inland from Bordertown 
and west of Edcnhopc may approach 1.6 to 1.8 ma. 
The development of the strandline equivalent to 
Edenhope may itself be near 2 ma or a little older. 

In this chronology, final defeat of overflow 
drainage would have occurred during the interval 
between Stage 2 and 3, after 2 ma perhaps closer to 
1.35 ma. Additionally the major changes in both soil 
geochemical signature (acidic on Parilla to calcare¬ 
ous on Bridgewater) and in aeolian activity (dune 
formation coincident with Bridgewater) would date 
to near that time. 


Ridge ages andJlnal defeat on Douglas Sill 

Options for the origin and evolution of Lake Bun- 
gunnia, particularly relevant to understanding the 
sequence and age of coastline retreat and associated 
interglacial sea levels, may now be reviewed. 

The hypothesis presented here requires revision 
of shoreline ages. Previous estimates (Kotsonis 1995, 
1999) were based on the assumption that initiation of 
the lake (near 3.5 ma) was related to uplift on the Pin- 
naroo block (Firman 1965, 1966a). This placed tec¬ 
tonically deformed ridges on the Padthaway dome as 
greater than 3.5 ma. If lake initiation developed by 
northerly subsidence rather than southern uplift, this 
assumption no longer holds true. 

If the Douglas Depression was the lake overflow 
(rather than initial Murray River course), it was ex¬ 
cavated after, not before lake formation. Secondary 
damming by later uplift along that overflow course 
was responsible for major lake expansion to the 60 
metre level, the level of the controlling sill. The abil¬ 
ity of incremental tectonics to defeat overflow is 
merely a function of upstream lake expansion reach¬ 
ing hydrological equilibrium rather than simultane¬ 
ously reduced discharge associated with onset of 
aridity, an unlikely conjunction of circumstances 
lacking support by the absence of evaporative de¬ 
posits at maximum elevations in the eastern basins. 

It is now possible to provide two independent es¬ 
timates for the age of final defeat at the 60 metre 
level on the overflow outlet. 
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1. Based on inland extrapolation of Naracoorte up¬ 
lift rates (70 m/ma). The sill, now at 150 m, 
would have been near sea level at 2 ma. It would 
pass the 60 m level near 1.16 ma. If starting 
front a slightly high level (+10 m) it would reach 
60 m level near 1.24 ma. 

2. Using the age of the Bordertown-Apsley linea¬ 
ment as an independent measure of uplift age 
provides a slightly different answer. If uplift that 
defeated overflow was related to the first uplift 
identified by displacement of shorelines from 
Parilla ridges at Bordertown to the first Bridge- 
water ridge (Cannonball Hill, Fig. 4D), then the 
age of that event may be estimated from the age 
of the first Bridgewater unit estimated by correla¬ 
tion with isotope curve to near 1.3-1.4 ma. Al¬ 
lowing for some 100-200 ka years between 
Parilla to Bridgewater provides an age for the ini¬ 
tiation of uplift at 1.5 to 1.6 ma. If the sill level, 
now at 140m rose from near present sea level it 
would have passed the 60nt level at 1.07 ma. If it 
began from a slightly higher interglacial level of 
10m, it would pass the defeat level near 1 ma. 

In summary, the evidence indicates final over¬ 
flow defeat by uplift of the sill occurred near 1.2 to 
1 ma, at least 2 million years after the formation of 
Lake Bungunnia. 

PALAEOHYDROLOGY & CLIMATE 
Lake Bungunnia 

At its full extent, the inflow necessary to maintain 
the lake far exceeded that of the present Murray 
Darling system (Bowler 1980; Stephenson 1986). 
After considering a wide range of run-off and P/E 
variations, Stephenson concluded (1986, p. 154) 
rainfall was higher (500-940 mm yr' compared to 
200-600 mm yr 1 today) evaporation was lower, and 
runoff rates much higher than today (7% compared 
to 4% today). Evidence of deep ferricretes (or 
Iatosols) and silcrete developed before lake forma¬ 
tion imply temperature estimates pointing to condi¬ 
tions both wetter and warmer than today. The 
Stephenson reconstruction may therefore underesti¬ 
mate the magnitude of climatic change involved. 

In its terminal phase, the lake contracted in 
stages producing shoreline benches near 40 and 30 
m in the western Blanchetown basin. This interval 
corresponds to major deposition of oolitic and 
platey dolomitic limestone, the facies represented by 


the karstic surface with cover of Rippon/Balkara 
calcrete extending eastwards from the gorge tract 
between Morgan and Nildottie. In this sense upper¬ 
most lake sediments will be younger here than in the 
uppermost Blanchetown Clay in the eastern basins. 
The evidence of widespread limestones would be 
consistent with warm and dry conditions relating to 
events later than the Brunhes-Matuyama boundary. 
Suggested ages of drying in the range 7-500 ka are 
consistent with that of earlier workers (Brown & 
Stephenson 1991, p. 208). 

Despite uncertainties in climatic reconstruction, 
the evidence of both soils and lake water balance 
confirm the reality of environments much wetter in 
Pliocene to early Pleistocene time. Additional evi¬ 
dence of amplified runoff is available from early de¬ 
velopment of the Murray River drainage system, as 
discussed below. 


The Proto-Murray system: channel implications 

The drying of Lake Bungunnia not only set the 
scene for regional dune building following the tran¬ 
sition from earlier the hydrologically positive cli¬ 
mate, it marked the initiation of the present Murray 
River drainage system. 

Much has been written about the evolution of the 
Murray River. Twidalc et al. (1978) evaluated the in¬ 
fluence of framework tectonics with particular refer¬ 
ence to effects of uplift on the Pinnaroo block and 
Padthaway structures affecting the southwestern river 
course. The views of Williams and Goode (1978) of 
ancient flow westwards across the Mt Lofty Ranges 
were reviewed and dismissed in the comprehensive 
paper by Stephenson and Brown (1989). In both 
chronologies, explanation of the problematic North¬ 
west Bend Formation follows the view of Ludbrook 
(1961) implying a discrete transgression along a pre¬ 
existing river valley. Kolsonis (1995) resolves that 
dilemma in confirming the time- transgressive nature 
of the oyster beds as facies equivalents of retreating 
Loxton-Parilla strandlines in areas associated with 
western fluvial discharge. 

Significant attention has been directed at the 
origin and evolution of the gorge tract downstream 
from Overland Corner (Figs. 4E &16). Using 
palacomagnctic dates from the Naracoortc-Robe 
area (Idnurm & Cooke 1980; Twidalc ct al. 1978) 
from age estimate of the Rippon calcrete near 5- 
600ka, provide an estimate of gorge incision in good 
accord with the estimate adopted here. Effects of 
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Fig. 16A. Oblique satellite image of Murray gorge mega-channel looking north. Dunefields (Bunyip Sands of Firman, 
1972, 1973) have been derived from large concave meanders of ancient trench. Dunes overlie planar surface of Bungun- 
nia Limestone from which calcretes (Bakara Calcrete, Finnan, 1963, 1973) have developed as surface soils. Satellite image 
from Google Earth. BS: Bunyip Sands BC': Bakara Calcrete. 

Fig. I6B. Topographic and stratigraphic section across section X-X’ in 16A . Note thin component of Blanchetown Clay 
with oolitic limestone and calcrete unit near 30-40 metres well below the level of the 60 m shoreline. The Murray trench, 
deeply incised by glacial low sea level, is back-filled by alluvium. Water level upstream from Blanchetown raised by dam 
at Lock I, Blanchetown. Stratigraphic section constructed from Kotsonis (1995) andTwidale et al.(1978). 
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eustatic sea level lowering with over-deepening of 
the gorge arc clearly evident in the southern gorge 
tract (Fig. 2 in Twidale et al. op. cit.; Fig. 16B). In 
terms of its origin, the relationship of the gorge to L. 
Bungunnia and the Hamley Fault helps clarify that 
issue. It also throws up some surprising questions. 

The development of the overflow breach near 
Nildottic would itself have occupied a considerable 
time, involving slow reduction in lake shorelines. If 
this coincided with drier climates, it would favour 
the development of gypseous and calcareous facies, 
especially in shallow marginal areas, a proposition 
consistent with the prevalence of these facies in the 
western sector. 

On final drying, the succeeding drainage chan¬ 
nel followed the deepest section of the former lake 
bisecting the Blanchetown Clay outcrop zone. The 
resulting channel has several special features. 

Firstly, in the 70 km reach south of Morgan, its 
gorge tract is unusually straight with sinuosity lower 
than any upstream reaches of the river. Secondly, 
within that relatively straight tract a pattern of low 
amplitude, incipient high wave-length (approx. 7 km) 
meanders is evident (Fig. 16A). Down-valley migra¬ 
tion is minimal though one complete meander cut-off 
has resulted in a large palaeo-oxbow' at Cadell. 

Thirdly the banks of the gorge (~l 100 m w'idc) 
remain almost perfectly parallel through meanders, 
thus defining gorge origins by a river flow pattern of 
virtual gorge dimensions. Fourthly, excluding the in¬ 
fluence by direct fault control, straight channels are 
rare in fluvial geomorphology. A comparable feature 
on the floor of Lake Eyre, the north-south Warburton 
groove, represents an example where thin laminar 
flow on a surface of near zero roughness operates on 
a drying flat lake floor forming a straight incipient 


channel. The draining of Lake Bungunnia would 
have provided a similar setting for the initiation of 
the gorge tract. 

In the complex relationships between modern 
channel-forming morphologies, the relationship be¬ 
tween meander wavelength, and channel cross-sec¬ 
tional areas have been defined with various levels of 
consistency (Drury 1976; Schumm 1968). In this 
gorge tract, cross-sectional area and meander wave¬ 
length are internally consistent requiring a channel of 
gorge dimensions to develop them. Estimates of bank- 
full discharge necessary to create the gorge tract and 
glacial age Mooma channel are compared with pa¬ 
rameters of the modern Murray emphasising the order 
of magnitude differences between them (Table 2). 

While channels of the last glacial cycle may be 
explained by seasonal flows 3 to 4 limes that of the 
modern river, the gorge tract implies earlier regimes 
of even greater discharge. While the reality of 
greatly increased flow' seems secure, a regime of 
magnitude 8 times modern Murray flow, implying 
regular discharges close to that of the 1956 flood, 
seem unrealistic in terms of the extremely high rain¬ 
fall conditions implied. 

By comparison, the present Murray meanders as 
a grossly underfit stream within a gorge it could not 
have created. Such a mega-channel would require a 
huge change in catchment discharges. Magnitude 5 
times present peak discharge rates are not inconsis¬ 
tent with such evidence. From estimates of lake dry¬ 
ing (early in the cast, later in the west), ages of that 
event arc suggested as between 500 to 700 ka. Pow¬ 
erful eroding capability provided rapid entrench¬ 
ment into underlying limestones through silcrcte- 
ferricrete Karoonda profiles effectively locking the 
channel into gorge morphology inhibiting lateral 



GORGE GLACIAL 

MODERN 

Wave length (L) 

6800 

3800 

2300 

Width (W) 

1100 

430 

250 


Channel-forming discharges 

in MVS 


Q b = (L/32.85) 1 - 81 

15,556 

5425 

2186 

Q b = (W/2.99) 181 

44,051 

8046 

3015 

Modern (at Loxton) 



1980 


Table 2. Morphological estimates of palaeo-diseharge (gorge tract and glacial age palaco-channel at Mooma) compared 
to modem river with estimates of bankfull discharge estimated using regression of Drury (1976) and Schumm (1968). 
Modem river bankfull discharge at Loxton from Murray-darling Basin Commission records. Note close agreement 
between theoretical estimate based on wave-length and actual bankfull record at Loxton compared to over-estimates based 
on width. 
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migration and meander development. With later re¬ 
duced discharge, the gorge morphology was effec¬ 
tively “frozen” in position, a relict or “fossil” river 
channel with extremely large dimensions. The evi¬ 
dence of Early to Mid-Pleistocene wet climates re¬ 
mains preserved in the enigmatic gorge record, 
events that heralded the transition from Mid-Pleis¬ 
tocene high to greatly reduced discharge environ¬ 
ments in later times. 


Dunes and aridity 

If the paradox of mega-flow presents a puzzle, it is 
compounded by the evidence of huge fields of 
source-bordering dunes eroded from the early gorge 
tract (Bunyip Sands of Firman 1966c; see also 
Fig. 153 of Brown & Stephenson 1991). The Mor¬ 
gan to Nildottie succession of extensive dune fields 
extend eastwards from the gorge margins (Fig. 16). 
Each dune field originates on the concave margin of 
the incipient meanders, clearly defining sandy 
point-bar development as sediment sources. Addi¬ 
tionally the north-south extent of each dune field 
mirrors the dimensions of the meander from which 
it was derived. 

Dunes of this age stand in marked contrast to 
source-bordering equivalents deflated from sandy 
point-bars during the last glacial maximum, exam¬ 
ples of which occur frequently upstream. Related to 
channel dimensions much larger than the present 
river, source-bordering dune fields of the last glacial 
remain an order of magnitude smaller than those of 
the Morgan-Mannum gorge area. 

In relating continental dunes to controlling cli¬ 
mates, the link between expanded aridity and glacial 
low sea levels is now well established for Late Qua¬ 
ternary environments. As such, the association of 
amplified dune building with cold, dry glacial 
phases in earlier time remains highly probable. 
However, not all dunes provide signatures of aridity, 
especially in coastal environments. Under high en¬ 
ergy, storm-wind conditions, dunes may develop in 
humid environments provided ample sand is avail¬ 
able. Excellent examples of migrating coastal dune 
fields occur on the coastline today as in Princess 
Charlotte Bay (Queensland) or in Victoria at 
Yanakie, Wilsons Promontory. During low sea level, 
glacial conditions, dunes reflecting arid environ¬ 
ments may build subsequently on the same shore¬ 
line. Discrimination of continental dunes as an index 
of aridity therefore requires independent evidence. 


Three lines of evidence are available from this 
region: 

1. The high shoreline of Lake Bungunnia provides 
evidence of synchronous dune mobility with 
lobes migrating 5-1 Okm downwind (Fig. 4C). 
While the association with high lake level does 
not immediately argue for arid conditions, this 
provides the first evidence of dune migration 
from an active shoreline. Given the relatively 
small size of the sand body (compared to coastal 
ridges with no dunes), it argues for stress condi¬ 
tions capable of removing vegetation and trans¬ 
porting sands down-wind coincident with high 
lake levels. Current estimates here place the age 
of that high level near I Ma. 

2. Despite high annual stream discharge, develop¬ 
ment of the Bunyip Sand dune fields from the 
early stage of Murray gorge development re¬ 
quires a combination of both seasonally low 
river levels, abundant sand source, absence of ri¬ 
parian vegetation and strong winds. Such condi¬ 
tions reflect major arid phases, the onset of 
which is estimated here as near 5-600 ka associ¬ 
ated with early gorge development. 

3. Cyclic dune-soil layering of the Woorinen For¬ 
mation with 4-5 palaeosols, if representing 
lOOka glacial-interglacial cycles as current evi¬ 
dence suggests , would place linear dune initia¬ 
tion near 500 ka. 

In summary, the evidence is consistent with two 
major changes. A change in atmospheric-ocean dy¬ 
namics is signaled near 1.3-1.4 ma with the appear¬ 
ance of early Bridgewater facies followed by the later 
change to full (100 ka) glacial events corresponding to 
construction of the Naracoorte East system (near 960 
ka). The period from 1.3 ma to 900 ka was therefore 
transitional between earlier humid and later fully de¬ 
veloped glacial aridity. Glacial phases during that in¬ 
terval. while involving increased hydrologic stress, 
may not have been sufficiently severe to destroy vege¬ 
tation and mobilise substantial dune fields, especially 
in this relatively humid region of southern Australia. 
In drier regions of the continent, the same environ¬ 
mental change may have produced more substantial 
response where the 1.3 ma transition may be regis¬ 
tered in as yet unidentified early dune development. 

In terms of equivalent soil changes, as indicated 
earlier, soils on the Parilla Sands formed in the period 
6 to 2 ma were dominantly acidic with abundant ferri- 
crete and silcrctc (Firman 1966c; Kotsonis 1995). By 
contrast, soils on the younger sequences are alkaline 
with calcareous profiles often grading into calcrete. 
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Bearing a close relationship to early Bridgewater fa¬ 
cies near 1.3 ma. such changes may predate major 
dune development in this part of Australia at least. 

The special importance of the Naracoorte-Border- 
town transition as the key region in defining the cli¬ 
matic transition between Pliocene to Pleistocene 
environments is summarised in Table 3. Table 3 sum¬ 
marises both physical and interpretative elements of 
both marine and terrestrial data. Changes from high 
frequency Pliocene sea level oscillations during peri¬ 
ods of relatively warm, wet climates with 20 ka oscil¬ 
lations reflecting control by orbital changes involving 
precessional cycles. Changes to low frequency (40- 
100 ka) glacial cycles synchronously with the appear¬ 
ance of Bridgewater calcarenite and alkaline soils is 
attributed to major influence of glacial aridity. This 
event associated with a postulated change in ocean en¬ 
ergy, expressed as a change in depth to wave base, is 
not explained by orbital perturbations alone. It almost 
certainly involves a new internal factor. In terms of dy¬ 
namics controlling Southern Ocean energy, changes in 
the status of Antarctic ice cap operating as a new 
global thermostat, loom large as probably elements. 


Cyclicity: Last glacial cycle 

Throughout the events described here, the recurring 
pattern of rhythmic change reflect comparable 
events recorded in marine isotope data. It is one of 
early shoreline high frequency orbital perturbations 
(20 ka precessional and 40 ka obliquity controls) 
culminating in the last 900 ka in 100 ka major gla¬ 
cial-interglacial cycles of amplified intensity repre¬ 
sented by Naracoorte to Kingston shoreline ridges. 

Climatic cycles are expressed both in ice vol¬ 
ume controls on oscillating sea levels, in multiple 
lake-lunette building episodes and. in the Malice en¬ 
vironment, in the succession of palaeosols in the 
longitudinal dune systems. Operating on 100 ka gla¬ 
cial-interglacial periodicity, of which some 8 cycles 
are represented in the interglacial sea level barriers 
seawards of Naracoorte. the glacial-interglacial con¬ 
cept conceals the complexity embedded within any 
one such cycle. To understand the environmental im¬ 
plications of this 100 ka pattern of change, the 
record of the last glacial cycle (120 ka to Present) 
provides insights into patterns of less well docu¬ 
mented changes of earlier cycles of comparable 
magnitude and duration. 

The Murray Basin s response to climatic change 
reflects a response to both local and regional 
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LAST GLACIAL CYCLE 


SPELEOTHEMS 
Naracoorte Caves 
(Ayliffe et al., 1998) 


WET 

A 






Fig. 17. Last glacial cycle record of lake level and dune building events from Willandra Lakes with record of speleothem 
growth (wet conditions) in Naracoorte caves (after Ayliffe et al, 1998) set against template of sea level change for the same 
period. Oscillatory wet conditions occur in both Naracoorte and Willandra for period 60-20 ka. Note inverse correlation 
with dune growth. Intensity of dune building increases approaching the glacial maximum, near 20,000 years ago. For re¬ 
construction of wet and dry phases also see Figs. 18 & 19. 


dynamics. Streams originating from outside the area 
are sensitive to events both in the cold highlands of 
the southeast (Murray River systems) and the 
warmer monsoonal catchments (Darling response). 
These provide important constraints in interpreta¬ 
tion of regional climatic change from local records 
from which the story must begin. 

The pattern of hydrologic change recorded for the 
last glacial cycle may be summarised using two long 
and relatively continuous records from this region, 
that of the Willandra Lakes (Bowler 1998) compared 
to the speleothem sequence from the Naracoorte 


caves (Ayliffe et al. 1998) with support from 
Menindcc (Cupper & Duncan 2006) and Tyrrell 
lacustrine systems (Macumber 1991; Stone 2006). At 
Naracoorte caves, speleothem growth by calcitc pre¬ 
cipitation is directly related to the availability of soil 
moisture; growth ceases during aridity (Fig. 17). 

The last interglacial was generally warmer and 
wetter than the current Holocene Period. The Golgol 
sandy clay lunette developed in the Willandra system 
near 120-130 ka following a period of high lake 
levels registered also at Lake Tyrrell, the tnegalakc 
Chillingollah (Macumber 1991; Stone 2006). Wet 
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Fig. IS. Snapshot of southeastern Australia during wet phase in early glacial time about 60,000 years ago. Sea level 
approximately 40 metres lower, cooling catchment conditions, woodlands much contracted contributing to high runoff 
with abundant water on the plains affecting both physical and biological environments. Plains retained vegetation cover. 
Groundwater systems recharged by the abundance of surface water. High watertables developed at this time persisted for 
many thousands of years with important implications for lake basins. 


environments are registered at Naracoortc from 100 
to 90 ka and again at 80-70 ka although the Willandra 
remained dry with major soil formation developing 
red calcareous soils on early lunettes. Equivalent ex¬ 
pressions buried beneath younger dark grey lunette 
units throughout the region at Tutchcwop, Wandella 
(near Kerang), Boort, L Cooper and L.Tyrrcll con¬ 
firm this as a regionally important landscape re¬ 
sponse to events of the last interglacial. 

From before 80 to 60 ka soil formed across dry 
basin floors of the Willandra Lakes while a phase of 
dune mobilization is recorded from Lake Frame 
(Fitzsimmons et al. in press) and Menindee from 
about 66 to 51 ka (Cupper & Duncan 2006). This ap¬ 
pears to overlap both with wet conditions of playas 
of southwestern NSW (Cupper 2003) and with the 
next wet phase near 60-45 ka registered in the Lower 
Mungo unit. Its equivalent reached maximum ex¬ 


pression at Naracoorte near 45 ka (Fig. 17). This was 
a time of greatly expanded water bodies, with high 
stream flow from cooling catchments as illustrated 
diagrammatically (Fig. 18). 

Major drying followed near 45-42 ka with dune¬ 
building at L. Mungo and cessation of speleothem 
growth at Naracoortc. Drier conditions are recorded 
in shallowing of the lakes with brief deflation of dry 
floors depositing bands of clay-rich lunette compo¬ 
nents. Although of short duration, this event sig¬ 
nalled a regional drying with decreased availability 
of surface waters in adjacent dune fields. In this in¬ 
terval, stratigraphically near the Lower to Upper 
Mungo boundary (Bowler 1998), the occupational 
frequency of humans is recorded in a greatly in¬ 
creased number of archaeological sites, especially 
evident in the eroding surfaces of the L.Mungo 
lunette at Joulni. It was during one such oscillatory 
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Fig. !9. Snapshot of south-eastern Australia during arid glacial maximum about 20,000 years ago. Sea level more than 
120 metres lower. Ice on the mountains with seasonally near-freezing conditions on the plains. Temperatures depressed in 
the range 6-9 degrees below today's has immense Implications for both the hydrology and biology of the region more than 
halving current evaporation rates. Climate favoured retention of surface waters even under conditions with greatly reduced 
precipitation. Catchments, affected by periglacial ice with associated loss of vegetation cover, experienced greatly in¬ 
creased efficiency thereby permitting them to feed run-olf into rivers on the plains. Woodland cover lost from western dune 
field permitted major wind erosion with clouds of dust and salt transported eastwards during seasonally dry conditions. 
Dune fields advanced west to east. A lime of severe environmental stress on plants, animals and humans. 


phase near 41 ka that the ritual burials of Mungo 
Lady and Mungo Man were enacted on those sandy 
lake shores (Bowler et al. 2003). Strong circumstan¬ 
tial evidence relates increased lake-shore human 
presence (including burials) with the onset of drier 
conditions. Habitat adjacent to more permanent 
water bodies was preferable to the surrounding, but 
now desiccating dune fields. 

When lakes dried, aclivc deflation contributed to 
incremental growth of lunette ridges. This reached 
maximum proportions near 20 ka with the onset of 
the maximum cold glacial stage. Despite expanded 
ice in the highland catchments, overall river flow de¬ 
creased. Lakes dried and dune fields expanded. 
Sand dunes advancing from the west encroached 


onto dry lake doors. In the northwestern Victorian 
Neds Corner region, Woorinen Formation dunes ad¬ 
vanced eastwards to cover the highest alluvial ter¬ 
race on the southern margin of the Murray Valley 
system (Prendergast et al. in press). At Naracoorte, 
speleothem growth ceased. 

Following the earlier wet phase, high water tables 
intercepting topographic lows produced groundwater 
discharge conditions with extensive evaporitic salts, 
manly gypsum and halite. Deflation associated with 
lunette building exported huge quantities of clay and 
dust to be deposited in the east, contributing there to 
parna and salts in upland catchments (Fig. 19). 

The dune fields of Little Desert in the south, Big 
Desert and Sunset Desert were then expansive active 
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Fig. 20. By 10,000 years ago, the post-glacial response began to produce the landscape we know today. Woodlands re¬ 
turned to periglacial catchments; vegetation stabilised previously mobile dune fields. Although lakes elsewhere in southern 
Australia, including Lake Tyrrell and lakes in western Victoria, registered a relatively wet phase from about 10 to 6 ka, the 
climatic change involved was not large enough to reactivate the Willandra system. Lake Mungo remained dry throughout. 


deserts (Figs. 3, 10, 20). Today, their often heavily 
wooded cover completely obscures the nature of the 
environments that gave them birth. 

The influence of highland catchment hydrology 
telegraphed on the plains is emphasised by the cor¬ 
relation of dune-building periods with glacial ad¬ 
vances with pulses dated to near 30, 19 and 17 ka 
(Barrows et al. 2001). With glacial conditions asso¬ 
ciated with amplified aridity, glacial age river dis¬ 
charge presents something of a paradox. Channels 
of the Moorna oxbow type required at least season¬ 
ally high flow greater than today's regime even in 
times of reduced rainfall. Seasonally variable flow 
regimes were assisted by low temperatures and in¬ 
creased catchment efficiency even during periods of 
seasonally arid regimes. High stage flows were 
maintained by seasonally high run-off from glacial 
and periglacial catchments. During dry seasons, 
substantial volumes of sand were deflated to form 


the source-bordering dunes associated with glacial 
age palco-channcls throughout the Murray tract. 

This period of intense cold with mean annual 
temperatures lowered by at least 6 degrees (Miller et 
al. 1997) with high frost incidence, short growing 
season and strong wind, produce conditions inimical 
to plant growth. Mallee eucalypts, sensitive to frost 
incidence, were eliminated providing favourable con¬ 
ditions for widespread dune reactivation. These con¬ 
ditions are illustrated diagrammatically (Fig. 19). 

Holocene: Last 10,000 years 

Following glacial age aridity, from about 15 ka to 12 
ka, global ice retreated, sea levels rose and climates 
began to return to conditions more like those of 
today. Woodland vegetation returned, dunes were 
stabilised and water returned to some basins. Early 
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to mid-Holocene time (10-7 ka) was relatively wet 
preceding widespread drying after about 4Ka. Lake 
Tyrrell deposited laminated clay with cvaporitic 
gysum in the period 7 to about 5 Ka (Luly et al. 
1986; Luly 1993). The Wimmera River extended 
north. Hooding Wirrcngrcn Plain with freshwater 
shells dated there to 8 ka (Macumber 1991; Ross 
1981). Drier conditions after 4 ka are recorded in the 
change in surface water-groundwater response with 
increased evaporite deposition (mainly gypsum) as¬ 
sociated in places with lunette reactivation as at 
Nulla Basin (Ferguson et al. 1997). Cupper (2003, 
2006) records gradational or out-of-phase responses 
in adjacent playas depending on slight difference in 
elevation with respect to controlling groundwaters. 

Throughout this time, human populations expanded, 
especially along major waterways of the Darling and 
Murray rivers. The region took on the landforms and 
vegetation more akin to those of today (Fig. 20). 

The broad canvas of features we see in the land¬ 
scape today was set and maintained despite small 
changes in water balance throughout this period. It 
preserved in static or fossil form, landforms, sedi¬ 
ments and biological remains, relicts of glacial 
times. As though “frozen in time”, these features re¬ 
main today to remind us of earlier glacial age events 
that reshaped the face of the land over huge areas of 
southern Australia. 


Humans: New geological agents 

Events of the last glacial cycle were dramatically in¬ 
terrupted by the arrival of humans. Although there is 
now clear evidence of early occupation by 50 ka 
both at Mungo and other localities, actual arrival 
times may have been much earlier. In either case, the 
environmental status of the wider Mallee region has 
endured more than 50,000 years of human presence 
and interaction. The first indigenous people clearly 
had to come to terms with the landscape and its di¬ 
verse array of plants and animals. In so doing, their 
activities, especially the introduction of more fre¬ 
quent fires, would certainly have left a legacy. Dur¬ 
ing times of hydrologic or climatic stress, as during 
the dry, cold glacial maximum, destruction of vege¬ 
tation may well have accelerated dune mobility in 
ways yet to be identified. 

The impact of human firing on fire sensitive 
vegetation has already been raised as a potential 
agent in the expansion of malice eucalypts replacing 
Casuarina stock (Luly 1993). Despite a current lack 


of confirmatory evidence, the prolonged presence of 
humans would certainly have left its mark on chang¬ 
ing ecosystems such as the human role in 
megafauna extinction (Cupper & Duncan 2006). In 
the problem of human-land impacts, assessment of 
environmental drivers requires uncoupling of natu¬ 
ral and human induced agencies. Final evaluation of 
these dynamics awaits further research. 

Despite the long presence of the nomadic, or 
perhaps more frequently water or river-oriented 
lifestyles of indigenous Australians, their landscape 
impact was relatively light compared to that of later 
European arrivals. The last 230 years has seen envi¬ 
ronmental impacts, now rivaling in diversity and 
magnitude. Ice Age changes of the previous 50,000 
years. Documentation of many changes in vegeta¬ 
tion, irrigation and salinization have been docu¬ 
mented elsewhere (Allison et al. 1990; Simpson & 
Ilerczeg 1991). Farming in landscapes generated 
under conditions of glacial age aridity poses special 
problems. As pastoral activities extend today into 
dune fields such as Little Desert (Fig. 3), our re¬ 
moval of vegetation cover invites nature to return 
such areas to previously unstable dune conditions, a 
challenge we sometimes accept too readily with 
consequential management problems. 

Our attempts to manage limited water resources 
have exacerbated the problem. In the Mallee specif¬ 
ically, attempts to channel water from high to low 
precipitation areas, from the Grampians in the south 
to near the Murray River in the north, while in itself 
an immense and imaginative undertaking in post- 
World War 1 years, proved to be a highly inefficient 
system. Leaking channels provided less than 10% of 
original waters to northern pastoralists while seep¬ 
age contributed to groundwater rise with the in¬ 
evitable increase in salinization. Almost a century 
later, open channels are now being replaced by 
closed but costly pipelines providing a striking ex¬ 
ample of the difficulties of adapting European agri¬ 
cultural practices in a landscape so dramatically 
different from European homelands. 

Glacial age salinity: A modern challenge 

Events of the last glacial maximum provide some 
crucial insights into our understanding of modern 
environmental issues, especially those relating to re¬ 
gional salinization. 

In a special sense, the lake-lunette and gypsum 
dunes of the Mallee provide a window of under- 
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standing into past and present records of salt in the 
landscape. In the formation of clay and gypseous 
dunes, the presence of salt in the source area pro¬ 
vides a controlling mechanism breaking surface 
clays into a mode adapted to wind transport. Re¬ 
quiring the presence of high watertables, such fea¬ 
tures then act as key indicators of past hydrologic 
change (Bowler 1973, 1983; Bowler & Teller 1986; 
Macumber 1980, 1991). 

Their formation during the last glacial cycle in 
the Murray Basin followed a period of high lake lev¬ 
els with implications of regionally high watertables 
far above the pre-European levels. With the onset of 
glacial age aridity, the fall in surface waters pro¬ 
vided ideal initiating conditions for concentration of 
surface salts. Additionally, lag effects in groundwa¬ 
ter response ensured long periods of saline ground- 
water discharge into drying salinas. Seasonal or 
episodic drying provided the ideal conditions for 
deflation resulting in widespread construction of 
clay-rich lunettes. In drier Mallee regions, the con¬ 
centration of the more saline components produced 
large quantities of gypsum both in basin floor sedi¬ 
ments and in basin floor transverse dunes, the typi¬ 
cal boinka complex of Macumber (1991). 

At the time of maximum saline clay-dune con¬ 
struction in the period from about 25,000 to 16,000 
years BP, the effects of natural salinization across 
semi-arid southern Australia were regionally perva¬ 
sive and locally severe. Ironically, European land- 
use continues unwittingly to mimic many conditions 
that occurred naturally during phases of cold glacial 
instability. Destruction of vegetation, rise of wa¬ 
tertables and reactivation of groundwater discharge 
features with widespread consequences of saliniza¬ 
tion are not new to this landscape. It was precisely 
such conditions that resulted in widespread instabil¬ 
ity that occurred naturally 16-25,000 years ago. 

In the natural system, watertables fell as the cli¬ 
mate ameliorated towards 10,000; vegetation 
returned to provide conditions more acceptable to 
human kind. Today we face a major challenge in 
areas now drastically affected by salinization. 

How to emulate natural changes? How to work 
with the natural system to guard against further salt 
rise? How to assist or hasten natural processes that 
favour amelioration? Unfortunately the timescales 
of human endeavour rarely match those of nature. 
Time alone imposes a major constraint on our abil¬ 
ity to reconstruct pre-European conditions. Like the 
indigenous occupants of 20,000 years ago, Aus¬ 
tralians today must learn to live with salt in the land. 


CHRONOLOC.ICAL SUMMARY 

The sequence of events advanced here may now be 
summarized in a time-spatial context to provide an 
integrated picture of Mallee landscape evolution. 
This summary uses a baseline of sequential shore¬ 
line retreat from Upper Miocene (6 ma) to present 
day. 

Shoreline positions and related sequences are 
evaluated against adopted time ranges complement¬ 
ing summaries in Table 2 and Figure 22. Captions to 
the sequential diagrams (Figs. 21 A to H) are used 
here to provide a shorthand account of 6 million 
years of regional environmental evolution. 

6-1.5 ma: Parilla system. Kerang to Bordertown 

Fig. 21: Staged conceptual evolution of marine re¬ 
treat and associated lake-dune landscape evolution. 
Age estimates based on Plio-Pleistocene chronology 
of Lake Bungunnia (4 - 1 ma) supported by more 
detailed ages of Naracoorte-Kingston barrier system 
of last million years. 

Fig. 21 A: Maximum transgression: Coast ex¬ 
tended inland to near Menindee (in northwest) and 
Mulurulu (in northeast) to near Kerang (in the east). 
Sea level 40- 60 m above present. 

Siliceous ridges of Loxton-Parilla Sand de¬ 
posited dominantly in regressive stage following 
Late Miocene transgression. High frequency (20 ka) 
regressive-transgressive oscillations with sea level 
superimposed on overall falling pattern. Similarity 
with oceanic oxygen isotope curve reflects glacio- 
custatic change reflecting greatly reduced Antarctic 
ice volume. Ridges reflect complex beach-barrier 
system with aeolian crestal cap but lack evidence of 
down-wind dune migration. Thin marine sequence 
with shallow-water marls deposited and preserved 
by low energy, shallow wave base regime reflecting 
both initially low wind strength combined with wave 
attenuation. Drainage from north and east via an¬ 
cient Darling and Murray Rivers although former 
tracts are no longer visible. Drainage from Victorian 
highlands north-facing slopes would enter sea along 
southern coastal margin. 

Near 4 ma. 

Fig 21B: Coastal retreat to shoreline south of Mil- 
dura - Lake Tyrrell equivalent with active construe- 
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Fig. 21A-D. Staged conceptual evolution of marine retreat and associated lake-dune landscape evolution of last 
6 million years. Age estimates based on Plio-Pleistoccne chronology of Lake Bungunnia (3.5 - 1 ma) supported by more 
detailed ages of Naracoorte-Kingston barrier system. For detailed summary sec text. 


tion of large Millewa Ridge (80 m Parilla Sand) near 
point of Darling River entry. 

Near 4-3.5 ma. 

Fig. 21C: coastal retreat to just east of present Wim- 
mera River near Horsham. 

In north, movements on recently emerged tectonic 
lineaments (Tyrrell, Danyo, Hamley & Morgan faults) 


produce depressions on downthrown sides diverting 
drainage into a scries of small lake basins. Lakes coa¬ 
lesce by flooding with overflow impeded on Hamley 
Fault resulting in substantial upstream fluvial deposition 
(sands and gravels of Loxton Sand and Chowilla Sand 
Member of Lake Bungunnia). Overflow via gap across 
Hamley Fault helps sustain estuarine conditions regis¬ 
tered there by Northwest Bend formation oyster facies. 
Additional outlet to sea maintained in southeast fed by 
drainage from Victorian north-facing catchments. 

















202 


JIM M. BOWLER. ANDREW KOTSONIS & CHARLES R. LAWRENCE 



Fig. 2IE-H. As for Figure 21A-D. For detailed summary sec text. 


3-2.5 ma 

Fig. 2ID: Coastal retreat to equivalent of the 
Lawloit-Diapur ridge. Western outlet to sea blocked 
by uplift on Pinnaroo block. New dam forces lake 
expansion resulting in higher level establishing new 
outlet following north-south line of earlier coastal 
depressions south towards Mt Arapiles. Early inci¬ 
sion of Douglas Depression (Stage 1, Fig. 14). 


2-1.5 ma. 

Fig. 2IE: Coastline retreat to near Bordcrtown- 
Apslcy line with final deposition of Parilla Sand 
barriers. Early Padthaway uplift associated with in¬ 
cision and extension of overflow channel past Dou¬ 
glas to enter sea near Bordertown-Apsley line. 
(Stage 2, Fig. 14). 
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1.5-1 ma. Bridgewater system I. Bordertown to 
Naracoorte 

Fig. 2IF: Coastal retreat passes Bordertown-Apsiey 
line to Naracoorte with first appearance of Bridge- 
water calcarcnite facies (Cannonball Hill). New 
ridges more widely spaced reflecting 40 ka periodi¬ 
city. Uplift in southeast raises overflow outlet above 
60 m defeating Lake Bungunnia outlet channel near 
Douglas producing maximum lake enlargement near 
60 m contour. Abandoned overflow channel pro¬ 
vides course diverting Wimmera River to north. 
Tectonic uplift in south-east modifies previously 
parallel shoreline relationship and tilts lake to north¬ 
west where new outlet to sea is initiated against 
Mount Lofty ranges just south of Nildottie. 

Climate throughout the entire period 6 to near 
1.5Ma wetter (and mainly warmer?) than today with 
deep weathering suggesting wet summers. Limited 
field of lake-shore dunes form at high lake level. 
This phase is transitional between Pliocene high fre¬ 
quency oscillations, warm, wet environments to 
later low frequency but more intense cold, dry gla¬ 
cial environments. It is particularly important in that 
it defines the first signal of changed ocean-atmos¬ 
pheric energy with the new high energy Bridgewater 
facies following the long period of shallow wave, 
weak energy systems of early Pleistocene and 
Pliocene time (Stage 3, Fig. 14) 

5-600 ka. Bridgewater system 11, Naracoorte to 
modern coast 

Fig. 2IG: Coastal retreat passes Naracoorte. New 
set of high sea level Bridgewater calcarcnite ridges 
from Naracoorte West to coast, more widely spaced 
reflecting control by 100 ka cyclicity with full- 
glacial interglacial cycles. Lake incises outlet chan¬ 
nel in south-west and drains via new Murray 
channel to the sea. Coastline retreat with sea level 
lowering accelerates erosion at overflow point with 
consequent reduction in lake levels and associated 
deposition of Bungunnia Limestone, especially in 
western basin. Draining of eastern basins results in 
major developments. 

1. Deepest parts of now abandoned sub-basins be¬ 
come locus for groundwater discharge with dep¬ 
osition of evaporitic salts, gypsum and halite. 

2. The central (deepest) regions of dying lake floor 
become locus for major river system feeding 
into western, final drying basin. 


3. Dune development associated with intensified 

full glacial-interglacial oscillations. 

4. Calcareous soil development (Rippon and 

Bakara calcretes). 

Drying of the lake after the Brunhes-Matuyama 
boundary (post-780 ka) sets the scene with develop¬ 
ment of landforms and soils that characterise the 
major areas of this important region today (Stage 4, 
Fig. 14). 

500-120 ka. Mid-Pleistocene cyclicity 

Fig. 2111: Coastline retreats to present position. 

Dry lake floor becomes locus for ongoing drainage 
with development of straight channel (Morgan to 
Nildottie) on dry floor of western Blanchetown 
basin. Channel size reflects high discharge consis¬ 
tent with that required to maintain early mega-lake 
phase. 

Deflation of large sand volumes from sandy 
point-bars during reduced or dry channel phases re¬ 
flect early cyclic oscillations associated with onset 
of greatly amplified 100 ka cycles. Aeolian activity 
becomes widespread with west to east migratory ex¬ 
pansion of early dune fields. Glacial to interglacial 
cyclic dune-soil accumulations in longitudinal 
dunes develop into today’s Woorinen Formation 
dunes. This period, relatively short in geological 
terms, arguably provides the greatest environmental 
transformation of the last 20 million years. It was 
one that affected, not only the entire south-eastern 
Australia, but has equivalent registration throughout 
the globe. 

Last glacial cycle 

Fig. 17: Palaeo-environmental records from L. Mungo 
and Naracoorte cave speleothems superimposed on 
sea level change spanning last glacial cycle. Mungo 
curve from Bowler (1998), Naracoorte data from 
AylifTe ct al. (1998). Last interglacial sea level '4 m 
above present, climate generally warmer and wetter 
than today. Formation of early lunettes with red cal¬ 
careous soils of the Golgol type. Wet phases at 100-90 
and 80-75 ka in Naracoorte but Willandra remained 
dry. Wet period (Lower Mungo) from 60 to near 42 ka 
in both regions (Fig. 18) followed by significant dry¬ 
ing marked by substantial lunette construction at 
Mungo. An oscillatory wet-dry phase with episodic 
dune-building marked the transition to glacial 
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Early drainage diversion into depressions. 

Partial blocking against Millewa Ridge. 

Darling system west of Millewa Ridge. 

Buloke-Horsham drainage in SE. 

Overflow to W via Hamley gap 

Tectonic movement, depression in N. 

Major lake expansion 

Uplift on Pinnaroo block closes western drainage outlet. 
Expanded lake develops southern outlet via Wirrengren. 
Overflow excavates trench to south. 

Early uplift on Padthaway Ridge. 

Further incision of overflow channel. 

Warping of outlet channel exceeds 60 m elevation. 

Major lake expansion reaching hydrologic equilibrium 
r Overflow terminated. Dunes on expanded lake shoreline 
■ New overflow in SW. Terraced reduction in lake level. 
Limestones develop in contracting shallow waters 

Major incision of Murray channel under 100 ka cycles 
Glacial-Interglacial cycles, glacial age dune building. 
Expanding dunefields, calcareous soils 

Last glacial cycle 
. HUMANS ARRIVE . 


Fig. 22. Summary diagram to illustrate major changes in shorelines, lake expansion and drying with evolution of mod¬ 
ern drainage and regional dune systems spanning last 6 million years. 


maximum near 20 ka. (Fig. 19). A short wet phase 
near 22 ka in both Willandra (Zanci shoreline) and 
Naracoorte caves preceded phase of glacially intense 
aridity 19-16 ka. Lunette building occurred synchro¬ 
nously with major expansion of regional dune fields. 
Watertables remained high with extensive salination 
over wide regions. Front about 15 to 10 ka, warming 
and increased water availability permitted return of 
vegetation. Watertables were progressively drawn 
down. By 10 ka the landscape had begun to resemble 
that we know today. A relatively wet period (8 to 6 ka) 
was followed by a drier interval (5 to 2.5 ka) thereafter 
conditions returned to those that greeted European ar¬ 
rivals (Fig. 20). 


SYNTHESIS 

The major elements of this account may be summarised 
in a time-spatial context) displaying sequential changes 
in marine and terrestrial environment (Fig. 22). In de¬ 
picting graphically the progressive expansion and dis¬ 
appearance of Lake Bungunnia, this sequence 
emphasises this major change which set the scene for 
later events controlled by glacial cyclic changes of the 
last million years. Within that time, cyclic changes from 
glacial age enlarged channels with accompanying 
source bordering dunes contrast with reduced channels 
as typified by the current interglacial river systems. 

The change from 20-40 ka cyclicity to 100 ka 
cycles near 900 ka is emphasised here by the drain- 
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ing of the lake soon after, an event that further cor¬ 
relates with the expansion of alkaline environments 
with deposition ofdolomitic Bungunnia Limestone. 

The simultaneous appearance of Bridgewater 
Formation age of calcretes and expanded dune fields 
heralds the arrival of landforms and soils defining 
ecosystems directly ancestral to those of today. 

In the absence of more definitive chronological 
and stratigraphic data, this represents a notional syn¬ 
thesis consistent with evidence presently available. 
Future studies will test and further refine this sce¬ 
nario. Until then it represents one interpretation of 
this environmentally critical region of Australia’s 
natural and socially important heritage. 

This account of the past contributes to our un¬ 
derstanding of the present and how it came to be. It 
highlights the reality of major climatic and hydro- 
logic change, both past and present. It reminds us 
that in our current changes in landscape stability we 
unwittingly continue to reproduce changes of glacial 
times. In that sense, wc have turned back the cli¬ 
matic clock with devastating implications. 

Faced now with the reality of greenhouse 
changes, yet another dimension of human impact, 
today’s environment involves a double jeopardy of 
change, direct people-land impacts and indirect at¬ 
mospheric-climatic changes. So much has already 
been lost. Preservation of remaining Mallee values 
urgently requires a deepening in our level of land¬ 
scape understanding, a new sense of people-land 
identification, a new paradigm of living with, rather 
than living off the land. This paper is a small contri¬ 
bution towards that end. 
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A groundwater model has provided greater insight into salinity processes, watcrtablc dynamics and 
the water balance of landscapes in the dryland Malice of Victoria. The model indicates substantive in¬ 
creases in area of land affected by dryland salinity arc unlikely to occur in response to future recharge 
to the regional aquifer. Instead, evaporation from existing areas of saline groundwater discharge (and in¬ 
creased groundwater baseflow volume) is likely to increase to accommodate changes in the watertable 
elevation. 

Key twirls: salinity, Malice, hydrogeology, water balance, evaporation 


IN RECENT YEARS, much of the discussion over 
salinity in the Victorian Mallee has focussed on the 
role of regional groundwater discharge areas (salt¬ 
pans) in realising the ultimate balance between re¬ 
gional groundwater recharge and discharge. This 
paper describes the results of groundwater model¬ 
ling that has explored interactions between ground- 
water discharge zones and the water balance of the 
Victorian Mallee. 


GENERALISED HYDROGEOLOGICAL 
SETTING 

Saline groundwater discharge associated with the 
Parilla Sands aquifer occurs throughout the Mallee, 
wherever the land surface lies near, or falls below 
the level of the regional watertable. 

The Parilla Sand forms a ‘blanket’ of fine¬ 
grained marine sand some fifty metres thick and is 
the uppermost regional aquifer within the south¬ 
western sector of the Murray Basin. The aquifer ei¬ 
ther outcrops or lies very close to the land surface 
throughout most of the Mallee region. Linear dune- 
fields are superimposed over the regional aquifer in 
many areas. A clay layer (Blanchetown Clay) some 
10 to 20 metres thick is also often draped over the 
top of this regional aquifer. 

Groundwater within the Parilla Sand aquifer 
ranges in salinity from about 30,000 to 50,000 EC 


(gS/cm). The aquifer is relatively permeable with a 
hydraulic conductivity that ranges from about 2 to 4 
melres/day. Transmissivity of the aquifer is of the 
order of 100 to 200 m 2 /day. The permeable aquifer re¬ 
alises a groundwater system that has a watertable of 
very low relief and independent of local variations in 
landscape topography. Regional groundwater flow is 
moderated by very low hydraulic gradients that indi¬ 
cate flow to the north and west in sympathy with the 
regional structure of the Murray Basin. 

Regional groundwater discharge is known to 
have occurred throughout the Mallee region in the 
much wetter climates that existed prior to the last 
glacial period some 15.000 to 20,000 years ago. The 
shift from wet landscapes to arid landscapes saw the 
regional watertable fall to the point where ground- 
water no longer remained in connection with many 
of the salinas. This cessation of saline groundwater 
discharge afforded the opportunity for re-colonisa- 
tion of native vegetation. The water balance, how¬ 
ever. was disturbed following European occupation. 
Clearing of Malice landscape for agricultural pro¬ 
duction increased recharge to the regional aquifer 
causing the watertable to rise and reactivate the an¬ 
cient salinas. 

The results from longer term monitoring (ie. > 30 
years) of groundwater fluctuations over time suggest 
that recharge to the regional aquifer is significant 
only immediately following those years in which the 
annual rainfall is much higher than normal. Such 
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conditions may only occur once every ten to twenty 
years on average, such as 1992-1993 depicted in fig¬ 
ure 1, 1986-1987 and more so during 1973-1974. It is 
an event-based phenomenon, occurring under ex¬ 
treme climatic conditions. 

Most saltpans in the Malice are associated with 
saline discharge from the regional aquifer. The salt¬ 
pans are readily recognised by the distinct geomor- 
phic character of the salinas. Typically, they comprise 
large elliptical areas of very low relief that interrupt 
the linear dune fields. Lunettes in some instances, 
form along the eastern margins of saltpans and in¬ 
variably lie very close to the elevation of the regional 
groundwater. The characteristic geontorphic form of 
‘reactivated’ discharge sites together with their eleva¬ 
tion are definitive and there is seldom difficulty in 
recognising and mapping zones of regional ground- 
water discharge. 

Local and regional aquifer influences 

While the Parilla Sand is considered the dominant 
aquifer that contributes groundwater discharge to 
the Malice Dryland, localised aquifers also influ¬ 
ence groundwater discharge area (Coram et al. 


2006). There is a strong relationship between annual 
rainfall and the impact that localised aquifers have 
on a groundwater discharge site. Short-term, high 
intensity rainfall events strongly influence the local 
aquifer. 

Local groundwater flow systems in linear dunes 

In some instances, secondary salinity occurs as 
seepage from the foot-slopes of linear dunes. Layers 
of clay (generally derived from blowing of 
Blanchetown Clay) allow local perched groundwater 
systems to develop and lateral groundwater Hows 
into discharge areas that form at the base of the 
dune. The process is supported by local recharge 
through soils that are often highly siliceous and, ac¬ 
cordingly, have a high permeability and a low water 
holding capacity. 

Dunes seepage is easily identified, it occurs in a 
distinct geomorphic setting relative to the dunes. 
The chemical properties of the groundwater is dis¬ 
tinctly different to those of the regional groundwa¬ 
ter, typically ranging from 5,000 to 10,000 EC 
(gS/cm), and pH of the groundwater is usually be¬ 
tween 7 and 9. 



Fig. I. Trends of the regional aquifer (1068deep), local aquifer (1069shallow) and residual rainfall at Manangatang 
(source; Boughton and Hocking 1996). 
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Local groundwater flow systems superimposed on 
regional groundwater systems 

It is common for both local and regional groundwa¬ 
ter systems to contribute to salinity on the same salt¬ 
pan. Perched groundwater flowing out of local 
dunes can impact upon regional groundwater dis¬ 
charge zones. In these circumstances, however, it is 
usually not difficult to identify the presence of both 
systems since the essential characteristics of each 
are quite evident. 

Local recharge and discharge can, under some 
circumstances, also occur within the otherwise re¬ 
gional groundwater system. The hydrographs pre¬ 
sented in Fig. I are from a site where nested 
piezometers arc located and illustrates this phenom¬ 
enon. The deep hydrograph is from a piezometer 
that intersects the regional aquifer, whilst the hydro¬ 
graph from the shallow piezometer is indicative of 
local superimposed processes in the overlying aeo- 
lian sediments and. perhaps, the Blanchetown Clay. 
The two systems arc hydraulically connected, how¬ 
ever, the hydrographs are very different. 

The hydrograph from the deeper piezometer re¬ 
flects regional trends in groundwater elevation over 
time, whilst the shallow well indicates local 
recharge and discharge processes occurring in the 
uppermost sediments. The hydrograph from the 


shallow piezometer shows rapid local recharge oc¬ 
curring in response to infrequent high rainfall events 
and declining groundwater heads in intervening 
years. Notably, groundwater in the shallow system 
appears, at times, to fall below the groundwater 
heads within the deeper system. This may indicate 
that vertical flow between the two systems is mod¬ 
erated by the somewhat low permeability within the 
Blanchetown Clay and evaporation from the saltpan 
is somewhat in excess of the upward groundwater 
migration. 


MODELLING OF 
GROUNDWATER PROCESSES 

A three-layer transient finite difference groundwater 
model was used to estimate the groundwater volume 
evaporated from Malice landscapes. This afforded the 
opportunity to investigate the role of the discharge 
sites in the balance between regional recharge and re¬ 
gional discharge groundwater processes. 

Conceptual mode! 

The conceptual groundwater model (Fig. 2) incor¬ 
porated the current understanding of groundwater 


Rainfall recharge (time and spatially varying) 

a jj a a n a i 


Murray River 
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,(, T Channel and stream 
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Fig. 2. Simplified concptualisation of groundwater movement in the Victorian Mallee. 









214 


MARK HOCKING & PHIL DYSON 


and salinity processes for the Victorian Mallee. The 
following water inputs (recharge) and outputs (dis¬ 
charge) were considered: 

1. Groundwater recharge ‘zones’ (eg. from irriga¬ 
tion, channel leakage, rainfall and river loss); 

2. Groundwater discharge (eg. depressions, salt¬ 
pans and river gains); 

3. Groundwater baseflow (eg. Murray River water 
gain and loss); 

4. Inter-aquifer transfers (eg. gain and loss of water 
to and from other aquifers); 

5. Groundwater inflow and outflow (eg. lateral 
groundwater tlow at the study area boundaries); 

6. Aquifer storage (change in water storage based 
upon net loss or gain in aquifer water level); and 

7. Irrigation (irrigation along the Murray River, and 
leakage from the open earth channel system). 

The three layer model was constructed compris¬ 
ing the Parilla Sand Aquifer (layer I - Fig. 3), the 
Bookpurnong Beds Aquitard (layer 2 - Fig.4) and 
the Duddo Group/Renmark Group/Palacozoic 
Bedrock Aquifer (layer 3 - Fig. 5). The Duddo 
Group, Rcnmark Group and Palaeozoic Bedrock 
Aquifers were in some instances were merged, de¬ 
pending which was the uppermost aquifer below the 
Parilla Sand Aquifer. 

The groundwater model was developed with a 
cell size of 60 metres and operated on monthly time- 
steps (30.5 days). The cell size selected was influ¬ 
enced by time limitations associated with computer 
processing (eg. < 4 hours per task) and the level of 
detail required for the project (eg. 10 hectares). Vi¬ 
sual Modflow 3.1 (Waterloo Ilydrogeologic, 2003) 
was used for the groundwater model. 



Data layers used 

A number of digital data sets were used in develop¬ 
ing the groundwater model. Each layer is discussed 
separately. 

Digital Elevation Model 

Digital Elevation Model (DEM) information across 
the Mallee was used to represent the land surface. 
This information was important in developing topo¬ 
graphic surfaces, particularly in assessing the extent 
of groundwater discharge. 

Where available, the recently acquired AERO- 
metrex (2004) DEM was used in developing elevation 
surfaces, the elevation accuracy is better than I metre. 



Fig. 4 Extent of the Bookpurnong Beds aquitard 
(Layer 2). 
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The Minerals and Petroleum Victoria (DPI 2003a) 
1:50 000 digital terrain model was used where high 
resolution information was not available. Fig. 6 is a 
representation of the DEM adopted for the modelling. 

Aquifer information. All aquifer information 
was derived from the 1:250 000 hydrogeological 
map series and modified where required for a com¬ 
plete seamless coverage. 

Groundwater recharge. A number of features in 
the study area contribute to groundwater recharge. 
They include rainfall, irrigation and channel leak¬ 
age, these are discussed in more detail below. 

Rainfall. Some views of groundwater recharge 
in the dryland Malice consider recharge to be an 
event-based phenomenon that occurs mainly during 
winter in years of above average rainfall. Moreover, 
the general assumption has been that groundwater 
recharge occurs somewhat uniformly throughout the 
landscape. 

Rainfall in the Malice varies from 374 mm/year 
at Birchip to 268 mm/year at Mildura (BOM 2004a). 
Timing and intensity of rainfall also varies. Ouyen 
was selected as a ‘representative’ climate of the 
Malice, here a percentage of rainfall was considered 
to represent the groundwater recharge (eg. 334 
mm/year * 1.8% = 6 mm/year)(Table 1). 


Month 

Rainfall (mm) 

Recharge (mm) 
(rainfall* 1.8%) 

January 

20 

0.36 

February 

25 

0.45 

March 

20 

0.36 

April 

22 

0.396 

May 

32 

0.576 

June 

30 

0.54 

July 

31 

0.558 

August 

34 

0.612 

September 

33 

0.594 

October 

36 

0.648 

November 

27 

0.486 

December 

24 

0.432 

Mean annual 

334 

6 


Table I. Annual rainfall used in the Malice groundwater 
model (eg. 6 mm/ycar). 


The spatial distribution of rainfall was simpli¬ 
fied into four ‘zones’. Recharge w r as then parti¬ 
tioned into monthly time steps. Initial modelling 
considered uniform recharge across the Malice dry¬ 
land, this however resulted in a low groundwater 
gradient of the watertable which caused poor cali¬ 
bration. Four ‘zones’ of groundwater recharge were 
then considered across the domain (4 mm/year - 7 
mm/year in the north and south respectively) (Fig. 7) 
where better calibration were then achieved. The 
significance of spatially varying groundwater 
recharge was apparent in model calibration and con¬ 
ceptualisation. That is, better calibration is achieved 
with greater spatial variation/resolution in ground- 
water recharge and therefore results achieved arc 
more likely to reflect nature. 

Irrigation recharge. Monthly groundwater 
recharge below areas under irrigation was calculated 
as a percentage of the applied irrigation volume. 

Irrigation zones within the Mildura Irrigation 
Region were zoned (SKM 2001b) to represent areas 
of varying impact on the Murray River (IIIZ/L1Z 
classification) (Fig. 8). Individual annual irrigation 
zone watering schedules arc presented in Table 2. 
SKM (2001b) assumed irrigation groundwater ac¬ 
cession (recharge) to be 10 % of the annual irriga¬ 
tion volume. Annual irrigation volumes are also 
presented in Table 2. 

The total annual irrigation volume applied in the 
Mildura Irrigation Region (DIM 2003b) was esti¬ 
mated to be 319 680 ML, equating to 31 968 ML or 
65.5 mm/ycar of groundwater recharge distributed 
evenly over the five zones. 

Channel leakage. The extent of the Wimmcra 
Mallee Stock and Domestic Channel System where 
channel leakage was deemed to occur is presented in 
Fig. 8. Winimera Mallee Water suggests the overall 
efficiency of the channel system in delivering water 
is about 20% (Wimmera Mallee Water, pers. comm. 
30/04/2004). This estimate applies to that section of 
the channel system equivalent to the end of Stage 1 
of the WMW pipeline system. Table 3 presents esti¬ 
mates of the annual loss in channel volume. 

Evaporation. Where discharge from a saltpan oc¬ 
curs through evaporation from the capillary fringe, 
the volume of groundwater removed is closely related 
to the depth of the watertable, where the actual evap¬ 
oration is measured by a pan evaporimeter. In clay 
soils, where a watertable lies at a depth of I to 2 me¬ 
tres below the land surface, groundwater evaporation 
is likely to be of the order of 5 % to 10 % of pan evap¬ 
oration (Todd 1980). Where the watertable lies very 
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Fig. 6. Digital elevation data used in the Mallee groundwater model. 

















MALLEE WATER BALANCE 


217 


Irrigation zone 

Area of Irrigation 
zone (ha) 

Irrigation vol¬ 
ume (ML/year) 

Irrigation accession 
(ML/yr) (vol. x 10%) 

Irrigation recharge 
(mm/year) 

Low Impact Zone 1 (LIZl) 

523 320 

53 470 

5 347 

1.0 

Low Impact Zone 2 (LIZ2) 

45 980 

29 100 

2 910 

6.3 

Low Impact Zone 3 (LIZ3) 

20 460 

68 450 

6 845 

33.5 

Low Impact Zone 4 (LIZ4) 

30 310 

40 810 

4 081 

13.5 

High Impact Zone 1 (HIZ) 

114 100 

127 850 

12 785 

11.2 

TOTAL 

734 160 

319 680 

31 968 

65.5 


Table 2. Estimated 2002/3 irrigation volume across the Mildura irrigation region (Information provided by Monitoring 
Co-ordinator, Mallee CMA, pers. comm. 2004). 


close to the soil surface, that is less than 0.5 metres 
from the land surface, groundwater evaporation in¬ 
creases exponentially with proximity to the soil sur¬ 
face, and may be as great as 30 to 80 percent of pan 
evaporation (Fig. 9). 


Evaporation information at Ouyen has been con¬ 
sidered representative for the Mallee, and used in 
the calculation of evaporation (groundwater dis¬ 
charge). Table 4 presents pan evaporation data at 
Ouyen. 
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Fig. 7. Simplistic groundwater recharge layer used in the transient model. 
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Channel type 

Volume loss 
(ML/year) 

Annual duration 
of winter use 

Area of channel 
(km) (length x 
width) 

Water loss via 
evaporation 
(ML) + 10% of 
total volume 
(pore storage) 

Recharge volume 
(ML) 

WMW channels 

33 800 

3 months 

3 294 x 0.005 

3 285 

30 520 

Private channels 

10 000 

1 month 

2 907 x 0.002 

1 000 

9 000 


Table 3. Water loss from the Wimmera Malice stock and domestic supply system. 


Month 

Pan evaporation (mm) 

Modelled evaporation (mm) 
(Pan evaporation x 75%) 


January 

226 

170 


February 

201 

151 


March 

146 

110 


April 

84 

63 


May 

50 

38 


June 

33 

25 


July 

40 

30 


August 

62 

47 


September 

87 

65 


October 

124 

93 


November 

171 

128 


December 

220 

165 


Mean annual 

1 424 

1068 


Table 4. Ouycn pan evaporation data (source: BOM 2004b). 

Symbol 

Parameter 

Value 


k 

Regional average hydraulic conductivity (m/day) 

3 


i 

Regional groundwater gradient (unit less) 

0.0001 


h 

Saturated effective aquifer thickness (metres) 

55 


1 

Length of inflow boundary (metres) 

470 000 


Q 

Inflow volume (ML/year) 

2 830 


Table 5. Approximated annual groundwater inflow volume into the Malice 

region. 



The effects of evaporation were assumed to take 
place over the top 1.5 metres of the soil profile based 
upon the depth at where the accumulation of salt within 
both the soil and groundwater begins. An ‘average’ of 
1.5 metres was selected for the extinction depth (depth 
where capillary processes begin to draw water from the 
watertablc), as soil texture data was not considered. A 
simplistic linear relationship was applied for the 
groundwater evaporation process and to be 75% of pan 
evaporation (Fig. 10). Areas that have a watertable of 


less than 1.5 metres were determined by the resolution 
of the digital elevation model and potentiometric sur¬ 
face and therefore vary across the region. 

Lateral flow. Lateral groundwater How is the 
process by which groundwater flow occurs under a 
hydraulic gradient. The groundwater model calcu¬ 
lates lateral inflow according to Darcy’s Law 
(Q = k x / x h x 1). Inflow is calculated from regional 
hydraulic gradients established from groundwater 
heads, estimates of aquifer permeability and aquifer 
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Fig. 8. Irrigation, domestic and stock channel locations in the Malice. 


thickness. Table 5 presents INITIAL inflow volumes 
along the southern model domain. 

Annual inflow volume for the Parilla Sand 
Aquifer for the groundwater model was considered 
initially 2 830 ML from the south, however, the ac¬ 


tual inflow volume is likely to be greater following 
calibration, when considering variations in ground- 
water gradient both temporally and spatially. 

River inflow and outflow. The Victorian Mallee 
is bound to the east and north by the Murray River 
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Fig. 9. Groundwater evaporation, expressed as a per¬ 
centage of pan evaporation, as a function of depth to wa- 
tertable (source; Todd, 1980, p.230). 

and in these regions interaction occurs between the 
river and adjacent groundwater. Earlier studies 
(SK.M 2001a) estimated both groundwater inflows 
and outflows between the river and groundwater in 
the Parilla Sand Aquifer. The SK.M study asserts in 
the first water balance study that some 21 900 ML 
discharged into the Murray River from the Parilla 
Sand Aquifer each year. This volume has been used 
to calibrate river hydraulic conductivity. 

The impact of weirs along the Murray River was 
not considered in the model. However, estimates of av¬ 
erage river height and width were incorporated. Table 
6 presents average values estimated for inflow/outflow 
from the Murray River across the study area. 

Inter-aquifer transfers. Inter-aquifer transfer 
(leakage) between the Parilla Sand Aquifer and the 


underlying Renmark Group or the Murray Group 
(whichever is directly beneath the Parilla Sand) was 
based upon the calibrated vertical hydraulic conduc¬ 
tivity of the Bookpurnong Beds. 

Model assumptions 

The following assumptions were made in develop¬ 
ing the groundwater model: 

1. All aquifers were considered homogeneous and 
anisotropic (uniform vertically and laterally); 

2. Concentration gradients were considered to 
have a negligible impact on groundwater pres¬ 
sures (equivocal); 

3. Groundwater extraction was considered to have 
an insignificant impact on the overall water 
balance; 

4. Groundwater evaporation was considered uniform 
across the study area, irrespective of land use; 

5. Groundwater recharge was considered variable 
across the study area, as a function of land use 
and climate; 

6. Bores used for calibration were considered rep¬ 
resentative of all modelled aquifers in the study 
area; 

7. Layer 3 was set as a fixed variable head aquifer, 
which was considered adequate to reflect deeper 
groundwater pressures acting on the Parilla 
Sand Aquifer; 

8. Water level and depth of the Murray River was 
considered uniform throughout the study area; 

9. Both irrigation and channel leakage were con¬ 
sidered uniform throughout each zone; and 

10. The DEM was considered to have sufficient ver¬ 
tical resolution to allow reasonable calibration 
of the model (reasonable in some locations). 
These assumptions provided a foundation for the 

development of the model. Whilst there is a level of 
uncertainty associated with the model, the best avail¬ 
able data has been used to limit associated errors. 


Property 

Value 

Average height of Murray River 

DEM minus 5 metres 

Average depth of Murray River 

15 metres 

Vertical conductance 

0.1 metres/day 

Lateral conductance 

Layer 1 conductivity x 0.75 

River width 

40 metres 


Table 6. Estimated river parameters used for river-groundwater interaction. 
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Fig. 10. Mean annual representation of evaporation function. 


Calibration 

Model calibration was undertaken in three steps; 

1. Groundwater baseflow correlation with refer¬ 
enced data, 

2. Approximate aquifer inflow volumes (via 
Darcy's Law), and 

3. Bore water level calibration. 

Groundwater baseflow. SKM (2001a) estimated 

discharge to the Murray River to be 21 900 ML an¬ 
nually. Groundwater baseflow parameters compris¬ 
ing bed thickness and hydraulic conductivity were 
progressively modified in the model until the dis¬ 
charge over the annual leakage volume of the river 
could be reproduced. 

Groundwater inflow across the model boundary. 
Approximate groundwater inflow volume was de¬ 
rived for the model in accordance with hydraulic at¬ 
tributes of the regional groundwater system. The 
annual inflow of groundwater from the southern 
Malice via the [’arilla Sand Aquifer was initially es¬ 
timated on the basis of Darcy's Law to be of the 
order of 3 GL by using piezometers in the vicinity of 
the model boundary. Groundwater levels at the 
model boundary were modified until the calculated 
groundwater inflow volumes were achieved. 


Groundwater level. Twenty- two bores were used 
to calibrate the model; 5 in the Murray Group/Ren- 
mark Group/Palaeozoic Bedrock Aquifer and 17 in 
the Barilla Sand Aquifer (Fig. 11). Calibration was 
undertaken by altering hydraulic conductivity, spe¬ 
cific yield and inflow volume until the modelled 
depth to watertable matched measured watertable 
depth. A normalised root mean square error of 7.04 
was achieved (Fig. 12), which was considered ac¬ 
ceptable for the scale of the model. 

WATER BALANCE 

The calibrated groundwater model presents water 
balance information for the Barilla Sand Aquifer. 
Detailed water balance information is documented 
in EarthTec, Hocking and Dyson (2004), the follow¬ 
ing sections provide a focused discussion of these 
results. 


Evaporation impacts 

The question of whether evaporation from areas of 
regional groundwater discharge, occurring either 
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Fig. 11. Location of calibration bores in layer 1 and layer 3. 


now or at some point in the future, will have the ca¬ 
pacity to buffer the future expansion of secondary 
dryland salinity is an issue. Equally, if groundwater 
discharge from saltpans is an important factor in re¬ 
alising equilibria, the extent of saline discharge 
areas required to achieve the balance is of consider¬ 
able interest. The ultimate extent of regional salt¬ 
pans is likely to be similar to the extent of both 
active and ‘fossil’ groundwater discharge zones. 

A comparison of the current regional groundwa¬ 
ter discharge zones compared with the extent of 
‘fossil’ discharge zones might be a useful starting 
place in considering how far down the path to 
recharge/dischargc equilibrium Mallee landscapes 
have travelled. 

The model predicts that 203 400 ML (Fig. 13) of 
groundwater is evaporated each year via 70 000 
hectares (Fig. 14) of groundwater discharge. Both 
the area and volume calculations arc expected to be 
less than the actual volume because of (1) limited 
resolution of digital elevation data in some parts of 


the Malice, particularly in the north-western region; 
(2) limited resolution of groundwater recharge in 
areas of ‘localised’ salinity and (3) limited calibra¬ 
tion data. 

A range of evaporation rates were applied to the 
model to investigate the potential impact of existing 
saline groundwater discharge areas on the future el¬ 
evation of regional groundwater. Fig. 15 presents the 
variations in predicted area of saline land in re¬ 
sponse to changes in evaporation. The results sug¬ 
gest large increases in area of saline land arc 
unlikely to occur because future increases in re¬ 
gional watertable elevation will be offset by in¬ 
creased flux within existing discharge zones. 

Lateral flow 

Lateral groundwater flow is the process by which 
down-basin groundwater flows occur under a hy¬ 
draulic gradient. Inflow volumes were approximated 
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Calculated vs. Observed Head : Time = 1830 days 



□ 

Layer #1 

o 

Layer #3 

— 

95% confidence interval 

.... 

95% interval 


Max Residual: 11.791 (m) at 64363/POINT #1 
Min. Residual: -0.028 (m) at 89/POINT #1 
Residual Mean; 0.882 (m) 

Abs. Residual Mean: 2 .766 (m) 


Standard Error of the Estimate: 0.931 (m) 
Root Mean Squared: 4.357 (m) 
Normalized RMS: 7.035 (%) 
Correlation Coefficient: 0.971 


Fig. 12. Modelled versus observed head (bore hydrographs) calibration plot. 
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Fig. 13. Modelled water balance of the Victorian Mallee as of 2000. 
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using Darcy’s Law then defined by calibration. Out¬ 
flow volumes were determined from modelling and 
calibration. 

The previous groundwater model (SKM 2001 a) 
did not present groundwater outflow from the Victo¬ 
rian Malice. Groundwater inflow was estimated to 
be 3 650 ML/ycar. In this study, groundwater in¬ 
flows and outflows are estimated to be 3 600 
ML/year and 2 540 ML/ycar respectively after cali¬ 
bration. The net loss of water into the region is, thus, 
considered to be I 050 ML/year. 

As previously mentioned, this spatial groundwa¬ 
ter model docs not accurately define groundwater 
recharge, but rather broad zones. A result of the lim¬ 
ited accuracy in the recharge mapping it is possible 
that groundwater in/out flow volumes are exagger¬ 
ated to allow for model calibration. 


Surface recharge 

Groundwater recharge is considered to be water 
entering the watertable through rainfall, irrigation 
and/or channel leakage. Recharge volume vary 
as groundwater recharge ‘zones’ in this model 
(234 700 ML/ycar). 


The development of spatial variation in recharge 
is important for both calibration and in the water bal¬ 
ance. Applying uniform groundwater recharge rates 
required inflow volumes to be greater to allow for a 
groundwater flow direction (eg. hydrologic gradient), 
however, a comparable result can be achieved with 
spatially varying groundwater recharge, thus limiting 
the required inflow volume of the groundwater model 
for calibration. 


Evaporation 

Evaporation rates in the Malice arc the greatest in 
summer and the least in winter. The temporal effect 
of evaporation is important in the overall water bal¬ 
ance, as it is in part, responsible for the seasonal 
fluctuation in watertable level. This model has con¬ 
sidered climate on monthly time-steps and estimates 
203 400 ML evaporates annually. 

Aquifer leakage 

Aquifer leakage (or inter-aquifer water transfer) vol¬ 
umes between the two water balances differ. This 
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water balance modelled a net 265 600 ML/year en¬ 
tering the aquifer via upward leakage. 

Groundwater baseflow 

Discharge to the Murray River was modelled at 
17 400 ML/year, river inflow volumes were calculated 
from estimates of hydraulic conductivity of the river 
bed and river level information. River management and 
weir level details were not incorporated in the study 
and was expected to be insignificant in comparison. 

Evaporation rate and the impact and shallow 
watertable area 

The relationship between shallow watertable areas 
(eg. less than 2 metres = salinity) and evaporation rate 
was analysed. Differing evaporation rates (higher and 
lower) were considered and re-run in the groundwater 
model to determine the impact evaporation rate had 
on salinity area. Figure 15 presents variations in evap¬ 
oration (as a percentage front which was applied in 
the model) versus change in salinity area and annual 
evaporation volume. Results suggest an increase in 
evaporation of 25% has a relatively insignificant im¬ 
pact on salinity area (eg. decrease area around 4 000 
hectares), but a decrease in evaporation is likely to in¬ 
crease salinity area more notably (eg. around 17 000 
hectares). It is therefore unlikely that a large increase 
of area of land salinisalion will occur as a function of 
a rise in watertable, but rather evaporation rates at 
groundwater discharge sites will increase to account 
for the increase in water within the system. 

CONCLUSIONS 

Overall, the results from this modelling study sug¬ 
gest groundwater movement can be replicated in the 
Victorian Malice with a reasonable degree of confi¬ 
dence. With more development, the approach has 
the potential to be a valuable tool in natural resource 
management. 

The model suggests the area of saline land is un¬ 
likely to increase significantly. Increases in ground- 
water elevation are likely to be offset by enhanced 
evaporation rales from existing saline groundwater 
discharge zones. The severity of salinity within such 
lands, however, may increase as a consequence. 


In summary, the following conclusions were 
drawn from the investigation as they relate to the im¬ 
pact of salt pans: 

• Evaporation losses from the groundwater are a 
significant component of the water balance in 
the Mallee. 

• The evaporation rate (i.e. +/- 10%) is less im¬ 
portant than knowing the area of evaporation, as 
the landscape appears to be the dominant feature 
which determines the evaporation volume. 

• Temporal factors such as timing of recharge and 
evaporation do have some impact on the overall 
annual water balance and the dynamics of salt 
pans. 

• Saline area is unlikely to increase by more than 
10% in the Malice, but severity of land salinisa- 
tion is likely to increase, as is groundwater base- 
flow to the Murray River. 
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Malice vegetation is a vegetation formation that once covered more than 15% of the State of Victo¬ 
ria. Malice vegetation straddles an extensive region that lies between the maritime temperate cucalypt 
woodlands and heathlands and the inland arido-temperate non-eucalypt woodlands and semi-succulent 
shrublands. In Victoria a number of broad types of malice vegetation has been identified within the ty¬ 
pological framework of the Ecological Vegetation Class. Malice Ecological Vegetation Classes are prin¬ 
cipally delimited by biophysical and physiognomic attributes of the site and the surrounding landscape. 


Keywords: malice vegetation, malice habit, vegetation classification, ecological vegetation class. 


“MALLEE" plant communities arc for the purposes 
of this paper defined as those that are dominated by 
cucalypts that have a malice habit (Fig. 1,2). Mallee 
eucalypts are low trees or tall shrubs distinguished 
from other cucalypts in having multiple stems aris¬ 
ing from a lignotuber al or beneath the soil surface 
(James 1984). These structures are known to func¬ 
tion as resource sinks (James 1984; Parsons 1994) 
and also maintain a pool of bud forming sites or 
Tncristematic foci' (Noble 2001) thus enabling the 
plant to rapidly recover shoot growth following re¬ 
moval by fire or drought. Mallee is a general term 
used to describe a range of physiognomic responses 
to environment from low ‘whipstick' form trees, 2-5 
m in height with many stems, to small spreading 
trees to 10 m high with one to three trunks (Sparrow 
1989). All of the mallee eucalypts have the capacity 
to manifest this range of growth forms under appro¬ 
priate site conditions and fire regimes. 

In Victoria, cucalypts with a mallee habit occur 
in a range of settings that approach the environmen¬ 
tal tolerances of the genus. These include sub-alpine 
regions, montane valleys subject to cold air 
drainage, deep sands, dry rocky uplands and the 
semi-arid and arid interior. In such places, longevity, 
including the ability to survive stochastic distur¬ 
bance events such as fire, confers significant com¬ 
petitive advantages, as successful establishment 
from seed may be rare. Across these disparate envi¬ 
ronments growth rates are inversely proportional to 
fire frequency. In cold or droughty environments 
growth rates are exceedingly low and the interval 
between wildfires may be comparatively lengthy (80 



Fig I. Eucalyptus dumosa A. Cunn. ex J. Oxley (Du- 
mosa Malice) and Eucalyptus socialis F. Muell. ex Miq. 
(Grey Mallee) exhibiting typical habit of Mallee eucalypt 
species with many stems emerging from basal lignotuber 
at ground level. 

to 200 years). However, in deep sands in sub-coastal 
settings growth rates may be comparatively high due 
to consistent winter rainfall and benign tempera¬ 
tures. Here the likely interval between destructive 
fires is typically short (5 to 20 years). The various 
growth forms observed from multi-stemmed whip- 
stick type malices to low spreading trees or “Bull 
Malices” reflects both growth rates and time since 
the last fire event (Noble et al. 1980; Leigh & Noble 
1981; Noble & Grice 2001). As such, the mallee 
habit appears to be an all-purpose physiognomic re¬ 
sponse of cucalypts to marginal habitats subject to 
periodic disturbance by fire. 
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Fig. 2. Mallee slashed and burnt in preparation for cereal cropping in the 1920s. Note the vigorous resprouting of 
mallees from lignotubers in the foreground. Photo Bill Boyd - courtesy of the Museum of Victoria photographic collection. 


MALLEE IN NORTH WEST VICTORIA 

Mallee-form eucalypls are the dominant life form in 
the tallest stratum of the indigenous vegetation 
across most of semi-arid north-western Victoria. It is 
this region comprising roughly 20% of the State that 


is the focus of this overview. Substantial areas of 
malice vegetation have been cleared for pasture and 
cereal cropping since European settlement. Based 
on the modelling of the pre-european settlement ex¬ 
tent of mallee dominated vegetation (White et al. 
2003) approximately 72% has been lost to clearing 



Fig. 3. Shaded areas indicate those parts of lowland Victoria (excluding near coastal) where the indigenous vegeta¬ 
tion typically possesses an upper stratum dominated by mallee-form eucalypts. The map on the left shows extant mallee 
plant communities - the map on the right shows modelled pre-settlement extent of mallee plant communities. 
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Eucalyptus arcnacea Marginson & 
Ladiges (Desert Stringbark) 

rrtfc. 



Eucalyptus costata subsp. mur- 
rayana L.A.S. Jmolinson & K.D. 
Hill (Yellow Mallee) 

r~--A 



Eucalyptus froggattii Blakely 
(Kamarooka mallee) 



Eucalyptus phenax Brooker and Slee 
(Green-leaf Mallee) 



' y* 

Eucalyptus sociaUs F. Muell. ex 
Miq. (Grey Mallee) 



Eucalyptus behriarta F. Muell. (Bull 
Mallee) 



Eucalyptus cyanophylla Brooker 
(Blue-leaf mallee) 


. ivsrfa 
Us-:-#?: 



Eucalyptus calycogona Turcz. (Red 
Mallee) 



* . vt' 


Eucalyptus clumosa A. Cunn. ex J. Oxley 
(Durnosa Mallee) 



Eucalyptus gracilis F. Muell. 
(Yorrell) 



Eucalyptus polybractea R.T. Baker 
(Blue Malice) 





Eucalyptus viridis R.T. Baker (Green 
Malice) 



Eucalyptus oleosa subsp. oleosa 
F. Muell. ex Miq. (Acorn Mallee) 



Eucalyptusporosa F. Muell. ex Miq. 
(Black Malice Box) 



Eucalyptus wimmerensis K. Rule 
(Wimmera Mallee-box) 


Table I. Common Victoria malice-form Eucalyptus species and their distributions. Distribution data from the Flora 
Information System, Department of Sustainability and Environment. 
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for agriculture (Fig. 3). Eucalyptus species with 
characteristically malice habits and their distribu¬ 
tions are shown in Table 1. It is worth noting that the 
taxonomy of malice cucalypts in Victoria is cur¬ 
rently in a state of flux and many new segregate taxa 
are awaiting formal description particularly within 
the Euc alyptus dmnosa. Eucalyptus socialis and Eu¬ 
calyptus oleosa species complexes (Kevin Rule 
pers. comm. 2006). The purpose of this paper is to 
describe the major malice dominated vegetation 
types across Northern Victoria and discuss the prin¬ 
cipal environmental factors that delimit these types. 

ENVIRONMENTAL NICHE OF 
MALLEE VEGETATION 

The environmental niche of mallee-form Eucalypts 
across north-western Victoria is largely determined 
by drought tolerance and to a limited extent by fire 


frequency. Soil-water relations - principally the in¬ 
teraction of effective rainfall and soil texture has 
been shown by several workers (Rowan & Downs 
1963; Noy-Meir 1971; Sparrow 1989) to be the key 
factor driving arid zone vegetation structure and 
floristics. In Victoria, and across the arido-temperate 
southern half of the continent, mallee vegetation is 
part of a continuum of physiognomic forms regu¬ 
lated by climatic and edaphic catenae. As with other 
eucalypt-dominated ecosystems, the exclusion of 
fire will ultimately result in their replacement by 
other tree species that are competitively impaired or 
even killed by fire and are not reliant on such dis¬ 
turbances to facilitate recruitment (Bowman 2000, 
2001 ). 

Figure 4 outlines a simple model of the environ¬ 
mental space occupied by mallee vegetation with re¬ 
spect to key determinants. The niche of mallee is 
largely delimited by the relationship between effec¬ 
tive rainfall and soil texture - the latter reflecting 
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Fig. 4. An heuristic model of the environmental space occupied by mallee-form cucalypts across north western Victoria 
with respect to edaphic and climatic attributes. Increasing density of shading denotes the increasing frequency of fire and 
increased importance of fire in the reproduction of vascular plants. Note that Hummock grasslands - widespread across the 
sandy desert of central Australia - do not occur within the study area and are included here for model symmetry. 
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important physical properties of soil such as infil¬ 
tration and hydraulic capacity. Broadly the malice 
eucalypls of the semi-arid zone, prevail in lowland 
regions receiving between 200 mm and 500 mm 
mean annual rainfall on most soil types, apart from 
heavy clays and deep, leached siliceous sands. Fig¬ 
ure 5 provides an overview of the spatial arrange¬ 
ment of malice dominated vegetation and other 
broad vegetation forms across north-western Victo¬ 
ria. While comparatively narrowly defined in bio¬ 
physical terms, malice vegetation is extensive 
geographically. It is likely to have covered more than 
3.5 million hectares (approximately 15% of the area 
of Victoria) prior to European Settlement and was 
once the ascendant and conspicuous native vegeta¬ 
tion formation over some 4.8 million hectares of the 
State (White et al. 2003). As pointed out by Sparrow 
(1989), mallee vegetation encompasses a somewhat 


arbitrary portion of the floristic transition between 
maritime temperate and arido-temperate vegetation. 
At the limits of its range, mallee vegetation merges 
floristically with adjacent treeless or woodland 
types. It is common for malice vegetation to share 
understorey species with neighbouring woodland 
formations and for the dominant species of treeless 
formations to dominate the substrata of the adjacent 
mallee vegetation. 

MALLEE CLASSIFICATION 

Approaches to vegetation classification arc to some 
degree dependent on the spatial and temporal scale 
at which the observer wishes to focus and on the 
useful purpose for which the classification has been 
undertaken in the first place. Unfortunately we do 



Mallee Vegetation across North Western Victoria 
Chenopod Shrublands 
Plains Grasslands and Temperate Savannah 
| Samphire Shrublands 
| Heathlands 
| Semi-arid Woodlands 
] Temperate Woodlands and Open Forests 
| Mallee 

| Other Vegetation (Wetlands etc) 


Fig. 5. A modelled overview of the distribution of mallee dominated vegetation and other broad vegetation types 

across north west Victoria prior to European settlement (adapted from White et al. 2003). 
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not have detailed accounts of the way in which Abo¬ 
riginal people in Victoria perceived mallee vegeta¬ 
tion, but we do know that the word mallee is Koori 
in origin and has been variously reported to mean 
Eucalyptus dumosa (a name applied to many mallee 
taxa in the 19 th century) in the Wcrgaia language and 
‘thicket’ in the Jardwadjali language (Wesson 2002). 

The earliest impression of Europeans of the 
mallee country were not favourable. Most explorers 
and surveyors simply referred to it as “scrub” or 
simply “mallee” reflecting its lack of utility to them 
for grazing and timber resources. After technologies 
were developed to clear the malice and transport 
water for livestock and domestic uses in the late 19 th 
century and early 20 ,h century, mallee was increas¬ 
ingly classified in accordance with its potential for 
supporting agricultural enterprises. Early survey 
plans identify various types of mallee and rank them 
- first through to sixth class mallee. These classifi¬ 
cations broadly accord with their value for forage 


and crop production in the context of existing prac¬ 
tices (Fig. 6). 

Maps such as these (see also Zimmer 1946) 
were used to identify suitable lands for post First and 
Second World War soldier settlement schemes that 
greatly increased population and intensified land 
use across vast areas of the mallee region in the first 
half of the 20® century. In Victoria, the ecological 
classification of mallee vegetation began with 
Rowan and Downes (1963) study of the land sys¬ 
tems of North West Victoria. These workers identi¬ 
fied vegetation responses to climatic and edaphic 
variables. These relationships were further explored 
through work undertaken by Parsons and Rowan 
(1968), Noble and Mulham (1979) and Noy-Meir 
(1971). Of particular importance in the Victorian 
context, was the work of Cheal and Parkes (1989) 
who undertook a major study of the vegetation on 
Victoria’s public lands, based principally on floris- 
tics of the vascular flora. The classification of 
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inallee vegetation is complex and there is a tension 
between regionally coherent typologies reflecting 
site histories, climate and soil gradients with the ob¬ 
servation of discrete entities reflecting local geo¬ 
morphology (Parkes & Cheal 1990; Sparrow 1990). 
Currently in Victoria, the principal unit for vegeta¬ 
tion circumscription and mapping for land use plan¬ 
ning and management is the Ecological Vegetation 
Class (EVC) and recently the malice vegetation of 
north-western Victoria has been resolved to EVC 
level (White et al. 2003). In this hierarchical ap¬ 
proach to vegetation typology developed by stall of 
the Victorian Department of Sustainability and En¬ 
vironment. the EVC represents a level of detail 
higher than floristic associations (i.c. plant commu¬ 
nities defined solely on the basis of their constituent 
taxa). EVCs are aggregations of floristic communi¬ 
ties with structural, physiognomic and floristic 
affinities that exist under a common regime of eco¬ 
logical processes within a particular environment 
(Woodgate et al. 1996). EVCs are intended as rela¬ 
tively coherent units with respect to key manage¬ 
ment activities such as the application of fire and 
risks such as those presented by the invasion of en¬ 
vironmental weeds. In addition, EVCs arc intended 
for use by a range of management and regulator)' 
agencies and should be readily identifiable in the 
field by those with a limited knowledge of the flora. 
In the field EVC unit boundaries and patterns may 
be defined by landform or soil type or they may be 
diffuse and intergrade over kilometres. As a conse¬ 
quence, there arc numerous floristic variants con¬ 
tained within each EVC entity. Some of these have 
been described by Cheal and Parkes (1989) others 
await formal recognition. 

ECOLOGICAL VEGETATION CLASS 

The EVC units are described primarily on the basis 
of physiognomy, floristics and environment. Key 
characteristics of each unit are summarised in 
Table 2. The modelled pre settlement extent and 
arrangement of these units across north-western 
Victoria are shown in Figure 13. These units should 
be interpreted as broad ‘archetypes’ of compara¬ 
tively intact systems and do not adequately describe 
the various, but locally homogeneous, manifesta¬ 
tions of degraded malice vegetation types encoun¬ 
tered on roadsides, grazed paddocks and small 
reserves. In these contexts, the impact of threats op¬ 
erating at the site such as rising saline groundwater, 


stock grazing, weed invasion and wind erosion con¬ 
trols floristic and structural consistency despite soil 
and landform boundaries. 


KEY ENVIRONMENTAL DETERMINANTS 
Climate 

The Murray Basin surface is topographically low 
and relief is subdued. As a consequence, the region 
has a fairly narrow climatic envelope. Overall, the 
climate is semi-arid and characterised by a defined 
north-south trending temperature and rainfall gradi¬ 
ent, with warmer and drier conditions in the far 
north-west corner of the state tending towards 
slightly cooler and wetter conditions in the south. 
Summers arc generally hot with average maxima in 
the low to mid 30°C range while winters are mild 
with mean maxima of 13-16°C typical of the region. 
Wide diurnal temperature variation is common and 
frosts occur frequently between May and September. 
In the extreme north, near the south Australian bor¬ 
der, mean annual rainfall falls to below 250 mm, 
while in the south near I Iorsham, mean annual rain¬ 
fall is around 450 mm. Rainfall is highly variable 
and is typically only produced by the penetration of 
tropical low-pressure systems in the summer, or 
strong frontal systems in the winter and spring. 
Droughts, or prolonged periods of low rainfall, are 
natural features of the mallee. Evaporation is usually 
greatest during January, with monthly values from 
230 mm in the south to 250 mm in the north (Data - 
Australian Bureau of Meteorology). Climate exerts 
a diffuse regional influence over vegetation type. It 
is the interaction of climate and soil texture that 
strongly controls the distribution of plant species. 
Soils that may be considered droughty in compara¬ 
tively high rainfall areas, such as deep sands, main¬ 
tain superior soil water relations with respect to 
plant growth than heavier textured soils such as 
clays in low rainfall areas. The water content of sand 
al wilting point will range from 1 to 5% while for 
clays it will range from 25% to 35% (McKenzie et 
al. 2004). No EVC is confined to a specific climate 
regime. The relationships between climate, soils and 
EVC types is summarised in Fig. 12. 
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Soils and Landforms 

North-western Victoria (the study area) forms part 
of the Murray Basin that consists of poorly consoli¬ 
dated tertiary sediments deposited in shallow ma¬ 
rine, estuarine or near coastal settings. The principal 
landforms are arranged on this basement and are 
comprised of thin, often overlapping veneers that re¬ 
flect fluvial, aeolian and lacustrine processes that 
occurred during the Pleistocene and earlier 
Holocene. In north-western Victoria there are three 
principal landform types and five principal surficial 
materials that support mallee dominated vegetation. 

1. Gently undulating sand plains are characterised 
by thin veneers of aeolian sand and parna over- 
lying relict alluvial, lacustrine and fluvial 
deposits. Two gcomorphic units are important 
in the formation of these plains in the malice 
region: 

a) the lake and associated fluvial sediments of 
the Blanchetown Clay (from ancient Lake 
Bungunnia). Sub-soils derived from the 
Blanchetown Clay are typically saline, 
sometimes gypseous, medium clays and 
clay loams. The predominant EVC on the 
Blanchetown clay is Chenopod Malice 
(Fig. 9). 

b) the alluvial deposits of the Wunhgnu Group 
associated with modern and ancient river 
systems of the Wimmera and Riverine 
Plains of northern and western Victoria. 
Soils are somewhat variable but are typically 
duplex with grey or brown sandy clay loam 
or clay loam topsoils of aeolian origin, 
changing to deep fine textured clays within 
30 cm of the surface, although the depth of 
saltated material varies greatly. Locally, the 
interactions of soil structure and climate 
have given rise to gilgai structures. Ridged- 
plains Mallee occurs extensively on these 
relict alluvial plains (Fig. 8). 

2. Dunefields arc widespread across north-western 
Victoria. Two distinct dunefield types are 
evident: 

a) the extensive east west oriented dunefields 
of the Woorinen Formation. Soils are 
strongly basic and medium textured - typi¬ 
cally sandy loams through to clay loams. 
Two EVCs are commonly found in these 
landscapes. Woorinen Mallee typically oc¬ 
curs on heavier textured soils and Woorinen 
Sand Mallee on lighter textured soils. 


b) the jumbled siliceous dune fields of 
Molineux - Lowan Sands. Soils vary from 
loamy sands with some profile development 
in low rainfall areas through to deep uni¬ 
form sands in higher rainfall areas. Three 
EVCs are restricted to siliceous sands: 
Loamy Sand Mallee, Heathy Mallee and 
Lowan Sand Malice. They arc primarily 
arranged along soil texture and climate 
gradients. 

3. Relict strandlines are prominent to muted fea¬ 
tures across north-western Victoria and form a 
series of NNW-SSE trending ridges. They are 
comprised of poorly consolidated Parilla sand¬ 
stone that may be mantled by locally common 
aeolian materials. Sub-soils are shallow ferrug- 
inised clays. The common EVC on strandline 
ridges is Sandstone Ridge Shrubland (Fig. 10). 
These materials and the soils derived from them 
arc rarely discrete and tend to be blended and re¬ 
worked by aeolian deposition particularly in and 
around the margins of these broad geomorphologi- 
cal units. 


Fire Regimes 

Wildfire regimes - the routine frequency and inten¬ 
sity of fires - at any location are, at least in part, an 
expression of the contiguity of fuels at the site and 
in the surrounding landscape, the flammability of 
the fuels and the rate at which fuels accumulate 
(Noble 1989). In other words, fire regime is largely 
determined by vegetation type and successive fires 
will serve to reinforce the floristics and architecture 
of the vegetation type it’s a cyclic positive feed¬ 
back response. As such, most of the EVCs exist 
within a somewhat predetermined (and self-deter¬ 
mined) fire regime. The malice EVCs of heavy soils 
such as Ridged-plains Mallee and Chenopod Malice 
in a typical year have discontinuous and somewhat 
fire retardant fuels and burn infrequently, Whereas 
mallee EVCs on light siliceous sands such as 
Lowan Sand Mallee and I leathy Mallee - common 
EVCs in the Big Desert and Little Desert typically 
(except immediately following a fire) have highly 
flammable, continuous fuels retained in the shrub 
foliage and may burn once every 5-20 years. Two 
distinctive EVCs are consequent of their landscape 
context with respect to fuel characteristics. Red 
Swale Mallee develops on small disjunct occur¬ 
rences of heavy soils (light clays and clay loams) 
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within the general context of extensive Lowan 
Sands. When the surrounding landscape burns these 
small areas are also caught up in the conflagration 
and the consequence is stunted depauperate ‘whip- 
stick’ form trees and vegetation with floristic affini¬ 
ties to the mallee EVC's of the Plains and Woorinen 
Duttefields (Fig. 12). The full realisation of the site 
is constantly retarded by the fire regime imposed by 
landscape context. In contrast, Parilla Mallee devel¬ 
ops on the deep accumulations of siliceous sand in 
the lee of Parilla Ridges outside the main extent of 
the Lowan Sands. Extensive inter-ridge regions sup¬ 
porting less flammable EVC’s break fuel contiguity. 
As such, these sandy environments generally have a 
lower fire frequency than their analogues within the 
Big Desert and Sunset Country and consequently 
have been invaded by fire sensitive species such as 
Callitris gracilis R.T. Baker (Slender Cypress-pine) 
and Alectryon oleifolius (Desf.) S.T. Reynolds (Cat¬ 
tle-bush) - taxa that arc absent from more extensive 
swathes of Lowan Sand (Fig. 12). 


Structure / Physiognomy 

Structural characteristics inform the EVC typology. 
Malice Woodlands are distinguished from Malice 
Shrublands (Tabic I). In addition, the composition 
of the lower strata (or understorey sens, hit.) is an 
important diagnostic feature of the typology and 
broad types are readily recognised in the field. 
These are consistent with mallee sub-formations 
identified by SpeelH (2002). 

1. Heathy types dominated by small hard leaved 
shrubs predominate on coarse nutrient poor 
siliceous sands in higher rainfall areas. The 
EVCs Lowan Sand Mallee and Heathy Mallee 
have shrub layers dominated by heathy shrubs. 

2. Hummock grass types where Triodia spp. are 
prominent in the field layer on sandy soils in 
low rainfall areas. The EVCs Woorinen Sand 
Mallee and Loamy Sand Mallee have field lay¬ 
ers in which hummock grass is typically promi¬ 
nent to dominant (Fig. 7). 



Fig. 7. Woorinen Sand Mallee with Eucalyptus socialis F. Much, ex Miq. and Eucalyptus dumosa A. C’unn. ex Oxley 
with a field layer dominated by Triodia spp. 
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Fig. 8. Ridged-plains Mallee with Eucalyptus 
behriana F. Mucll., and Eucalyptus dutnosa A. Cunn. 
ex Oxley. The field layer is typically grassy. Note that 
most remnants of this EVC have been heavily grazed 
and shrubs are all but absent in many stands. 



Fig. 10. Sandstone-rise Shrubland dominated by 
Meleleuca uncinata R. Br. (Broombush) in the Little 
Desert with scattered Eucalyptus uretutcea Marginson & 
Ladiges (Desert Stringybark). 


3. Tussock grass types where caespitose grasses of 
the genera Austrodanthonia and Austrostipa are 
prominent in the field layer occur on heavy tex¬ 
tured soils in the south of the study area. Ridged 
Plains Mallee is a mallee EVC in which tussock 
grasses arc prominent in the lower strata of the 
vegetation (Fig. 8). 

4. Chenopod types where species of the family 
Chenopodiaceae (such as the genera Alriplex, 
Maireana and Sclerolaena ) are prominent in the 
shrub layer. Chenopods are dominant in the 
lower strata of the EVC Chenopod Mallee and 
may be prominent in Woorinen Mallee (Fig. 9). 

5. Broombush types where narrowly erect woody 
shrubs particularly Melaleuca uncinata R. Br. 



Fig. 9. Chenopod Mallee with Eucalyptus gracilis F. 
Mucll. At this location near Managatang Alriplex spp. 
and Zygophyllum spp. dominate the low shrub layer. 


(Broombush) and Babingtonia behrii (Schltdl.) 
A.R. Bean (Broom Baeckea) form shrublands in 
association with low ‘shrubby’ mallees. This 
distinctive stratum is consistently associated 
with the EVC Sandstone-ridge Shrubland 
(Fig. 10). 

The relationships between soils, climate and 
readily recognised types of lower strata within the 
niche space of malice dominated vegetation, are 
summarised in Fig. 11. 

The diversity of mallee vegetation in Victoria 
has often been overlooked in the recent past as a 
consequence of its superficially uniform structure 
and its general lack of merchantable material re¬ 
sources. The classification and subsequent mapping 
of mallee Ecological Vegetation Classes across 
north western Victoria has revealed the fidelity of 
physiognomy and composition to a range of envi¬ 
ronmental variables operating at the site and land¬ 
scape scale processes - in much the same way that 
forest and woodland types are delimited. It has also 
focussed attention on the clear disparity between the 
mallee types that are comparatively well represented 
and protected within Victoria’s large uncleared 
mallee blocks (Big Desert and Sunset Country) and 
those types that are now largely confined to small 
isolated reserves, roadsides and freehold remnants. 
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Fig. 11. An heuristic model of the relationships between understorey type in malice vegetation, soils and rainfall. 
Increasing density of shading denotes the increasing frequency of fire and increased importance of fire in the 
reproduction of the constituent perennial species. Note that malice vegetation with ‘shrubby lower strata dominated by 
‘Broombush’ species particularly Melaleuca uncinata (Broombush) and Babbingtonia behrii (Broom Baeckea) have not 
been interpolated into this simplified ordinal space. 
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Fig. 12. An heuristic model of the relationship between mallee EVC’s, soils and rainfall. The solid arrows denote 
disjunctions of heavier fertile soils within the broader landscape context of light soils or conversely disjunct regions of 
light soil within the general context of heavier textured soils. Note that EVC Sandstone-ridge shrubland does not readily 
fit within this simplified ordinal space. 
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Fig. 13. Model of the distribution of mallee-type Ecological Vegetation Classes prior to European Settlement (adapted 
from White et al. 2003). 
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The semi-arid woodlands of the Victorian Malice have been subject to extensive change since Eu¬ 
ropean settlement. To better understand the nature and extent of change, and to assist in planning restora¬ 
tion. research was undertaken to investigate (I) the likely pre-European distribution, structure and 
composition of semi-arid woodland in north-west Victoria, and (2) the extent of change since European 
settlement. Information on semi-arid woodlands from historical survey plans was entered into a Geo¬ 
graphical Information System (G1S). Historical data were compared w ith recent data from field surveys 
and vegetation maps to assess change. Data obtained from survey plans enabled the pre-European extent 
of semi-arid woodlands to be mapped. Historical tree density ranged from less than one to more than 500 
trees per hectare, however, an overall decline in the density of remnants is apparent throughout. It is es¬ 
timated that more than 260 000 ha (19% of the study area) originally supported semi-arid woodland 
species. Of this, more than 80% has been cleared within agricultural areas surrounding the Murray-Sun- 
set National Park, highlighting the need for conservation and management to ensure regeneration within 
remaining areas. 


Key minis : Belah, GIS, pre-European, historical, survey plans. 


CASH ARINA pauper (Belah) and Callitris gracilis 
ssp. murrayensis - Allocasuarina luehmatmii (Pine- 
Buloke) semi-arid woodlands originally occurred 
across large areas of the Victorian Malice. Since Eu¬ 
ropean settlement from the 1860s, extensive modifi¬ 
cation of these woodlands has occurred, initially due 
to grazing and later due to clearing and thinning for 
cropping (LCC 1987; Westbrooke et al. 1988; West¬ 
brooke 1998). Widespread clearing of woodlands in 
north-west Victoria began in the late 1800s, reaching 
a peak in 1907 to 1914 after the construction of rail¬ 
ways to open up the country for wheat growing 
(Condon 1980). As early as 1892, negative anthro¬ 
pogenic impacts were beginning to be recognised, 
particularly problems with weeds, rabbits and ero¬ 
sion (Dixon 1892). This is observed on early parish 
plans, with numerous records of Nicotiana glanca 
(Tobacco Bush). Hordeutn spp. (Barley Grass) and 
other introduced plant species (e.g. Anonymous 
1896; Turner and McGauran 1908). 


Due to the extent of clearing and modification, 
determining the distribution and structure of semi- 
arid woodlands at the time of European settlement 
must rely on either a modelling approach or histori¬ 
cal records. Modelling of pre-European vegetation 
has been undertaken (White et al. 2003) and pro¬ 
vides information on the likely original vegetation 
of the area. Historical information also has the po¬ 
tential to provide data on the actual vegetation ob¬ 
served to be present at the time of settlement. This 
may differ from modelled vegetation due to the in¬ 
fluence of stochastic events (e.g. rainfall events and 
fire) and inherent limitations of the modelling 
process. 

Historical records have been used more fre¬ 
quently in Australia in recent years, and their value 
for describing the distribution and structure of pre- 
European vegetation is increasingly being recog¬ 
nised (e.g. Oxley 1987; Fensham and Holman 1989, 
Norris et al. 1991, Morcom and Westbrooke 1998, 
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Lunt 2002, Stubbs and Specht 2002, Callister 2004). 
An understanding of the distribution and structure 
of pre-European vegetation can inform revegetation 
and restoration efforts. Although a return to pre-Eu¬ 
ropean conditions may not be the goal, knowledge 
of the extent of historical variability can assist in 
ecological interpretation of current ecosystems and 
determining management protocols (Swctnam et al. 
1999; Foster 2000). Use of historical data can also 
assist in determining the extent of change since Eu¬ 
ropean settlement (Brown 1998), enabling an under¬ 
standing of the impacts of past management regimes 
on the native vegetation. Future changes in ecosys¬ 
tems can also be better predicted with a greater un¬ 
derstanding of past conditions (Foster 2000; 
Mladenoff et al. 2002). 

To date there is only limited consolidated infor¬ 
mation available on the pre-settlement distribution 
and structure of semi-arid woodlands in north-west 
Victoria (LCC 1987), and there has been limited re¬ 
search into possible changes since European settle¬ 
ment (Westbrooke et al. 1988). Therefore this study 
investigated historical maps and survey plans, which 
provide a good spatial coverage of the study area. 
The objectives of the study were to better under¬ 
stand (I) the likely pre-European distribution, struc¬ 
ture and composition of semi-arid woodland in the 
Victorian Malice; and (2) the extent of change in 
semi-arid woodland since European settlement. 

BACKGROUND TO THE STUDY AREA 
The study area 

The study area, consisting of 1 393 000 ha in far 
north-west Victoria, is bounded by the Malice High¬ 
way to the south, the Victorian - South Australian 
border to the west, the Murray River to the north and 
the Caldcr Highway to the east (Fig. 1). The Murray- 
Sunset National Park (MSNP) (declared in 1991) 
represents a large uncleared component of the study 
area. The study area was divided into three areas: 
north of the MSNP, south of the MSNP, and the 
MSNP (Fig. I). Areas to the north and south of the 
Park have been extensively cleared for cropping. 

Vegetation 

Woodlands in the study area are commonly dominated 
by Casuarina pauper (Belah), Callitris gracilis ssp. 


mwrayensis (Slender Cypress-pine) or Allocasuarina 
luehmannii (Buloke). Several other species may be lo¬ 
cally dominant including Alectryon oleifotius ssp. 
canescens (Cattle Bush), Myoporumplatycarpum ssp. 
platycarpum (Sugarwood), Hakea leucoptem ssp. leu- 
cop tern (Silver Needlewood) or Hakea tepltmsperma 
(Hooked Needlewood). C. gracilis - A, luehmannii 
woodlands occur in the south east of the study area, 
whilst C. pauper woodlands dominate in the north¬ 
west. Occasionally C. pauper anti A. luehmannii occur 
nearby to each other, but co-exist at only a few sites. 
Mallee eucalypt woodlands also occur within the 
study area, but being less valuable for agriculture have 
been better conserved and were excluded from this 
study. 

Accounts of early vegetation 

There are a number of historical reports on the veg¬ 
etation of the Mallee that give information on the 
structure and composition of semi-arid woodlands at 
the time of European settlement. In November 1853, 
botanist Baron Von Mueller travelled across the Vic¬ 
torian Mallee, along the Murray River, to the junc¬ 
tion with the Darling River (Kenyon 1982). The 
curator of the Botanical gardens, Mr Dallachy also 
visited areas along the Murray and southern Victo¬ 
rian Mallee between 1858-1860, however, few 
records of their botanical findings remain (Kenyon 
1982). 

Kenyon (1982), in an account of the vegetation 
of the malice region of Victoria given to the Histor¬ 
ical Society of Victoria in 1912. described the semi- 
arid woodlands as open grassy plains with Belah 
and pine ridges and mallee eucalypts up to 60 feet 
(sic) in height along with many associated species of 
small trees. Whilst much clearing and modification 
of the environment had occurred by the 1930s, the 
work of Zimmer (1937) provided a more precise 
botanical description of semi-arid woodlands at the 
time of European settlement. I Ic described the semi- 
arid woodlands as being dominated largely by Cal¬ 
litris spp. and Casuarina spp. with scattered 
Myoporum platycarpum. Like Zimmer he noted the 
presence of tall mallee eucalypts within the wood¬ 
land and a range of associated tall shrubs (Table I). 
Zimmer (1937) also compiled species lists (Table I) 
and a number of species which he reported as 
prominent or frequently occurring including Beyeria 
lechenaultii and Grevillea lutegelii are only occa¬ 
sionally observed today. 
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Fig. 1. Locality map of study area in north-west Victoria. 


Later, in the early 1950s, Patton (1951) in de¬ 
scribing the "Pinc-Belar association” in the Victo¬ 
rian Malice noted the presence of associated small 
trees which may be locally dominant (Table I). Nu¬ 
merous accounts were made by others of Pine 
ridges; “Here and there the monotony of the scrub 
was broken by groups of fine pine-trees” referring 
to country near Tiega - 28 miles from Mournpall 
(Neumayer 1858-64 cited in Kenyon 1982). And, “In 
the Millewa certain tracts of loamicr soils originally 
bore pine vegetation” (Holt 1947). 

Geology 

Two Pleistocene age aeolian landfortns dominate the 
study area. The first, the Woorinen Formation is 
composed of calcareous red-brown earths with a 


significant carbonate layer B-horizon. The second, 
the Lovvan Sand consists of highly infertile yellow to 
orange fine-medium grained quartzitic sand (LCC 
1987). Semi-arid woodlands occur largely on cal¬ 
careous soils, commonly brown calcareous earths, 
solonized brown soils, or calcareous red earths of 
the Woorinen formation (Cunningham et al. 1981). 

Climate 

Median annual rainfall in the study area varies from 
257 mm in the north-west to 344 mm in the south 
east (Clewetl et al. 2003). Summers are hot with 
mean maximum temperature reaching 32.8°C in 
January. Winters are cool to mild with an average 
minimum temperature of 4.4°C (Clewett et al. 
2003). 
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Kenyon 1912 

Zimmer 1937 

Patton 1951 

quandongs 

Fusamis acuminatus 

Fusanus acuminatus 

pittosporums 

Pittosporum phillyreoides 

Pittosporum phillyreoides 

hakeas 

l fake a vittata, Hakea leucoptera 

Hakea leucoptera 

grevilleas 

Grevillea Huegelii, 


heterodenrums 

Hetemdendmn oleifolium 

Heterodendron oleifolium 

myoporums 

Myoporum platycarpum 

Myoporum platycarpum 

eremophilas 

Eremophila oppositifolia, 

Eremophila maculata, 

Eremophila glabra 

Eremophila oppositifolia 

acacias 

Acacia ligulata, Acacia 
obliqua, Acacia 
scleropliylla. Acacia 
colletioides, Acacia 
oswaldii 

Acacia colletioides 


Exocarpos aphylla 

Beyeria Leschenaultii 

Templetonia egena 

Scaewla spinescens 

Scaevola spinescens 

Olearia pimeleoides 


Table 1. Prominent associated trees and shrubs recorded by Kenyon in 1912 (Kenyon 1982), Zimmer (1937) and Patton 
(1951). 


METHODS 
Historical data sources 

Historical records were consulted for information on 
the likely pre-European distribution and structure of 
semi-arid woodland in north-west Victoria. Histori¬ 
cal maps and survey plans were chosen as they pro¬ 
vided a good spatial coverage of the study area, and 
records date back to the 1860s, the time of first Eu¬ 
ropean settlement of the study area. Other informa¬ 
tion sources including written material from early 
twentieth century botanists were also consulted (c.g. 
Zimmer 1937; Patton 1951). 

Surveys of the Victorian Mallec began in the 
1840s. E. R. White, as the assistant surveyor, explored 
and surveyed extensively within the Mallee between 
1849 to 1851, including the border between South 
Australia and Victoria, and the 142 nd Meridian Road, 
sections of which are still in use today (LCC 1987). 

Historical maps and survey plans were located at 
the Land Victoria office of the Department of Sus¬ 
tainability and Environment (DSE), and at the State 
Library of Victoria. All survey plans of the 79 
parishes in the study area were examined from the 


‘put away’ series of plan registers, and for most 
parishes at least four to five survey plans were lo¬ 
cated. A number of these contained handwritten notes 
indicating the type of vegetation, location and extent 
of vegetation types, and some component species. 
Notes on vegetation density were also written on 
some maps. Fig. 2 shows a section of the Parish plan 
for Murrnong, and the type of notes on the vegetation 
and soils that appear on some of the plans. 

Map scale ranged from 1:3 200 to 1:130 000 with 
a mean scale of 1:14 000. The most frequently used 
scale was 20 chains to 1 inch (1:15 840). Surveys 
used to create the derived maps were undertaken from 
1864 to 1935 with the mean date of surveys 1916, al¬ 
though for some surveys the precise date of survey 
was difficult to determine. Survey plans containing 
reference to semi-arid woodland species were printed 
from microfiche, scanned and saved as Joint Photo¬ 
graphic Experts Group (JPEG) files. 

Historical data analysis 

The resulting digital files were geo-registered 
against current day topographical features (roads, 
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MURRNROONC 

Fig. 2. Section of Parish plan for Murmong, showing typical notes on vegetation and soils. 
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hydrology and contours) that could be matched to 
those on the survey plans using Maplnfo (Maplnfo 
Corporation). A GIS database was created to store 
information from the survey plans including the 
original surveyors’ notes on the vegetation, soils, 
landforms and current scientific names. 

On some survey plans, lines were drawn to indi¬ 
cate vegetation boundaries such as ‘edge of good 
pine country’. Boundaries provided on the survey 
plans were used in defining polygons for the GIS 
layer. Where no boundary was provided, vegetation 
boundaries were determined through examination of 
topographical features, and the area indicated by the 
coverage of text on the survey plan. 

The term mosaic was used to describe all areas ei¬ 
ther where a mallee eucalypt was the first species listed 
(presumed dominant), or was listed with only one other 
semi-arid woodland species. Semi-arid woodland was 
used to describe all areas where only woodland species 
were listed, or mallee was listed with more than one 
other woodland species. All areas where only wood¬ 
land overstorey species were listed (C. pauper, C. gra- 
cilis, Myoporum platycarpum, Hakea spp., and 
A. oleijolius) were described as semi-arid woodland, 
due to the difficulties in separating any other sub-com¬ 
munities. A. luehmannii woodland areas were classi¬ 
fied where references to ‘oak’ and ‘bulloak’ were 
found. 

Understorey vegetation was also described on 
some survey plans. Understorey was recorded as 
one of four categories in the GIS database; 

(i) Shrubby the terms scrubs, scrubby, shrubs, 
shrubby. Hop bush or undergrowth noted on sur¬ 
vey plans; 

(ii) Grassy - references to grass or grassy vegeta¬ 
tion on survey plans; 

(m)Maireana species - Bluebush noted on survey 
plans; and 

(i \)Atriplex species - Saltbush noted on survey plans. 

Descriptors indicating tree density were inter¬ 
preted to refer to cither dense or open vegetation. 
Terms thought to relate to dense vegetation included 
‘dense’, ‘close’, ‘thickly timbered’ and ‘forest’. 
Terms describing open vegetation included ‘open’, 
‘lightly timbered’ and ‘sparsely timbered’. 

Determining change in vegetation composition and 
structure 

Field surveys were undertaken in October 2002 to 
compare survey plan data with remnant vegetation 


in the study area. Vegetation notes from survey plans 
that contained some reference to overstorey density 
were selected as they also provided information on 
the historical woodland structure. At each site, a 20 
x 50 m quadrat was assessed to determine the cur¬ 
rent vegetation community, overstorcy species pres¬ 
ent, percentage projected foliage cover of tree 
species (visual estimate) (Walker and Hopkins 
1990) and a count of trees (including stumps and 
dead trees). All perennial shrub species were identi¬ 
fied and given a cover / abundance value, (modified 
Braun-Blanquet 1928). Comparisons were made be¬ 
tween descriptions of density on survey plans and 
field survey counts of trees, and estimation of tree 
canopy cover (Walker and Hopkins 1990). 

Maps derived from survey plans were also as¬ 
sessed against the Victorian Flora Information Sys¬ 
tem (FIS) database (DSE 2004). The most spatially 
accurate of the FIS quadrats, the 1-minute grid 
points, were selected within the study area and all 
quadrats containing semi-arid woodland overstorcy 
species were identified. 

Pre-European distribution, structure and 
composition of semi-arid woodland 

Information on the distribution of semi-arid wood¬ 
land species was compiled from the survey plans to 
create a map of pre-European distribution. Commu¬ 
nity structure and composition of pre-European 
semi-arid woodland were investigated by examining 
the survey plans and reports of early 20' h century 
botanists. Whilst these reports were made after the 
first impacts of European settlement, they represent 
some of our earliest records of semi-arid woodland 
in north-west Victoria. 


Comparison with current vegetation maps 

Changes in distribution of semi-arid woodland in 
north-west Victoria were explored through compari¬ 
son of historical survey plans with the Ecological 
Vegetation Class (EVC) map layer showing all na¬ 
tive remnant vegetation on public and private land 
(White et al. 2003). Areas where no native vegeta¬ 
tion was mapped on the EVC layer (largely corre¬ 
sponding with cleared land) were compared with the 
maps generated from the survey plans. This pro¬ 
vided a strong indication of the extent of clearing of 
semi-arid woodlands within the region. 


PRE-EUROPEAN SEMI-ARID WOODLANDS OF THE VICTORIAN MALLEE 


251 


RESULTS 

Semi-arid woodland vegetation references were 
identified on 63 survey plans of the ‘put away' se¬ 
ries. References to senti-arid woodland vegetation 
were also found on the Malice 1864 (Anonymous 
1864), and Nowingi-Mildura maps (Victorian Rail¬ 
ways 1921). Historical survey plans and maps with 
notes on semi-arid woodlands covered 91.3% 
(1 272 200 ha) of the study area. A total of I 256 ref¬ 
erences to semi-arid woodland species were identi¬ 
fied on the survey plans. 

Distribution of semi-arid woodlands 

Areas containing semi-arid woodland species were 
identified from the historical survey plans across 
266 404 ha (19%) of the study area (Fig. 3). A con¬ 
centration of semi-arid woodlands was identified 
around Mallanboo! and Yarrara Flora and Fauna re¬ 
serves in the north of the study area. Semi-arid 
woodlands were sparsely mapped or absent from the 
south west corner of the study area, the centre of the 
MSNP and the area north of the Sturt Highway 
(Fig. 3). Few areas were mapped as C. gracilis - A. 
luehmannii woodland from the historical survey 
plans and these generally occur to the south and east 
of the study area. 

Vegetation structure 

References to vegetation density occurred on 20.8% 
of vegetation notes. Open vegetation was recorded 
three times more frequently than dense vegetation, 
195 (15.5%) references compared to 69 references 
(5.5%). Dense woodlands were recorded around the 
Yarrara, Mallanbool and Meringur Flora and Fauna 
Reserves, with smaller areas scattered throughout 
the study area (Fig. 4). 

Forty-two references to semi-arid woodland 
vegetation density on the survey plans were found to 
intersect with current parks and reserves. Fourteen 
of these sites were historically recorded as dense and 
28 recorded as open. Areas where fewer than 50 
trees per hectare were found (including dead trees 
and stumps), were reliably referred to as “open" by 
the early surveyors, whereas areas with greater than 
300 trees per hectare were described as “dense” 
(Fig. 4). Tree canopy cover estimates in the field did 


not appear to align with descriptions of vegetation 
density used by the early surveyors (Table 2). 

Composition of semi-arid woodlands in the 
Victorian Mallee 

Overstorey species listed on the original survey plan 
were compared with species recorded during the 
field survey. At 50% of quadrats, all of the over¬ 
storey species listed on the survey plans were also 
found on field survey. At least one of the species 
listed in the survey plans was recorded on all but one 
of the field survey quadrats. At 79.4% of field sur¬ 
vey quadrats where trees were present within the 
quadrat, the first listed species on the survey plan 
was the dominant species located in the field. 

Callitris gracilis ssp. murravensis with 830 ref¬ 
erences (65.7% of all references) was the most fre¬ 
quently occurring tree species noted on the survey 
plans, followed by Myoporum platycarpum ssp. 
platycarpwn, 396 records (31.3%) and malice euca- 
lypts 391 (30.9%) references. Further references to 
tree species included Alectryon oleifolius ssp. 
canescens , (209, 16.5%), Casuarinct pauper (299, 
23.7%), I lake a spp. (125, 9.9%) and Allocasuarina 
luehmannii (27, 2.1%). 

Understorey vegetation was recorded much less 
frequently than overstorey with only 162 (12.8 %) of 
references indicating understorey species. Wood¬ 
lands were more frequently recorded with a shrubby 
understorey (65, 5.1%), closely followed by blue- 
bush (45,5.1%) and grassy understoreys (42,3.3%). 
References to a saltbush understorey were also 
recorded (10, 0.8%). 

Comparison with current vegetation maps 

To the north of the MSNP 168 504 ha (35.0%) were 
mapped as originally supporting semi-arid wood¬ 
land or mosaic, to the south 56 722 ha (20.6%) and 
within the MSNP 41 179 ha (6.5%). The total area 
no longer supporting native vegetation was calcu¬ 
lated from the EVC map layer. To the north of the 
MSNP 83.5% is not mapped as supporting native 
vegetation, indicating it has been cleared. To the 
south of the MSNP 82.1% has been cleared. Within 
the MSNP all areas originally mapped as semi-arid 
woodland still support native vegetation. 
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Fig. 3. Distribution of semi-arid woodland mosaic and A. luehmannii - C. gracilis (pine-Buloke) woodland. 
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Canopy cover categories 

% Cover 

Open 

Dense 


(Field) 

(Survey plan) 

Very sparse (open woodland) 

<10 

82.1 

28.6 

Sparse (woodland) 

11-30 

17.9 

64.3 

Open forest 

31^16 


7.1 


Table 2. Percentage of field survey quadrats classified as dense or open compared with current canopy cover classes. 


DISCUSSION 

Distribution of semi-arid woodlands in the 
Victorian Malice 

Maps produced from the survey plans were generally 
accurate when compared to current day distribution, 
where native vegetation remains. The surveyors ap¬ 
pear to have had a good working knowledge of com¬ 
mon plant species in the region, and notes on the 
vegetation were taken across the majority of the study 
area. As the majority of the area outside of the Na¬ 
tional Park has been cleared and cropped since the 
early 1900s. these records are some of the only evi¬ 
dence of the pre-European vegetation. 

The distribution maps confirm that Casuarina 
pauper and Callitris gracilis ssp. murrayensis - Allo- 
casuarina tuehmannii woodlands were a dominant 
component of the vegetation in areas outside of the 
National Park. This is consistent with these wood¬ 
lands commonly being used as an indicator of soils 
suitable for cropping. Fewer areas supporting wood¬ 
lands were found within the MSNP. The largest re¬ 
maining area of semi-arid woodland mapped by the 
early surveyors occurs to the west of Morkalla, the 
town at the end of the rail line from Mildura. Without 
rail access, it was not possible to transport wheat, and 
so these areas were spared from clearing. The rail line 
was extended from Meringur to Morkalla in the 
1930s, at the beginning of a period of extensive 
drought and further extensions to the rail line were 
not economically feasible (McLean 1975). 

Vegetation structure 

Descriptions of dense and open semi-arid woodland 
vegetation from the survey plans did not reliably de¬ 
scribe current day tree density of remnants. Previous 
studies have indicated that little overstorcy regenera¬ 
tion has occurred within the study area since Euro¬ 


pean settlement (Westbrooke et al. 1988; Cheal 
1993), and so it is likely that the vast majority of ma¬ 
ture trees recorded during the recent field survey 
would have established during or prior to the wet 
years of the 1870s and 1889/90 (Westbrooke 1998). 
Stumps and dead trees are likely to remain for long 
periods, as these semi-arid woodlands rarely contain 
enough fuel to burn. C. gracilis timber is termite re¬ 
sistant, and C. pauper, A. luehmannii and C. gracilis 
arc all durable timbers (Cunningham et al. 1981; 
Doran andTurnbull 1997). Therefore, by including all 
mature trees, dead trees and stumps the best measure 
of original tree density (as observed by the surveyors) 
is obtained. It is probable, however, that in the inter¬ 
vening 70 to 140 years since the original surveys, 
some stumps and dead trees will have been lost. 

The correlation of surveyors’ descriptions with 
field survey data indicates that the early surveyors 
were using these terms in much the same way as we 
would today. Fensham and Holman (1998) also 
found tree density descriptors reliable in a study in 
southern Queensland where density descriptors 
were compared with canopy cover calculated from 
current aerial photography of undisturbed remnants. 
However, there are indications that use of some ter¬ 
minology has altered over the last century, and den¬ 
sity descriptors must be interpreted carefully (Lunt 
1997; Griffiths 2002). 

Composition of semi-arid woodlands in the 
Victorian Malice 

The survey plans have also provided data on species 
present in the overstorey and their relative domi¬ 
nance. The first overstorey species listed in the sur¬ 
vey plans appears to correlate with the dominant 
species found during the field survey quadrats. This 
indicates that the early surveyors approached the 
surveys in a similar fashion as today, listing species 
in order of dominance. 
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Fig 4. Map showing areas of dense and open woodland vegetation. 
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Information on the understorey vegetation was 
also available from the survey plans indicating that 
the pattern of some woodlands supporting a grassy 
understorey, and others a shrubbier understorey, per¬ 
sists today. 

Descriptions from early botanists in the region all 
indicate the diversity of semi-arid woodlands. There 
are a number of tree species present and many shrubs 
and annual species mentioned. There is significant 
variety between woodland patches, with differences 
in species dominance and structure noted. The under- 
storey is described as containing “a large number of 
other trees” (Patton 1951). Such diversity is apparent 
in few remnants in north-west Victoria today, and a 
number of the species listed as frequently occurring 
in the 1930s are less commonly recorded today. Early 
descriptions of the vegetation indicate a wide variety 
in the structure of semi-arid woodlands, in terms of 
tree density, varying from open woodland to forest, 
and understorey composition dominated by annuals 
in some areas and perennial shrubs in others. De¬ 
scriptions of semi-arid woodlands at the time of set¬ 
tlement were far from uniform. 

Species infrequently recorded on the survey 
plans included Myall, Santalum acuminatum and 
Exocarpos aphyllus. Twenty-one references to 
Myall were made around the Nowingi area. Myall is 
the common name used to refer to a number of Aca¬ 
cia species occurring in north-west Victoria includ¬ 
ing Acacia locieri, A. pendula, A. ancistrophylla 
(Dwarf Myall) and A. stenophylla (River Myall) 
(Entwisle et al. 1996). A. melvillei has also been re¬ 
ferred to as Myall on historical surveys in southern 
Queensland (Fensham and Fairfax 1997). Soil and 
hydrology in this location suggest it is most likely 
the surveyors were referring to A. loderi or 
A. melvillei. There are a few records for A. melvillei 
near Mildura, but it has not been recorded elsewhere 
in the study area (DSE 2004). A. locieri is now re¬ 
stricted within the study area to a few remnant 
stands also near Mildura (Entwisle et al. 1996). 
A. melvillei and A. loderi are listed as vulnerable in 
Victoria (DSE 2004). A. loderi shrublands are also 
listed under Schedule 1 of the NSW' Threatened 
Species Conservation Act, 1995. During field sur¬ 
veys of the area neither H. melvillei or A. loderi were 
located within this region. In addition, no other tree 
or large shrub was noted that had not been recorded 
by the surveyors at this or nearby locations. Myall 
may have been lost either through harvesting for 
firewood along the Nowingi railway (A. melvillei is 
noted as being good firewood and was used for 


fence posts), through grazing pressure limiting re¬ 
generation (Cunningham et al. 1981), or a combina¬ 
tion of both. Given the limited distribution of these 
species within Victoria, it would be worth consider¬ 
ing these species for any restoration works within 
these areas. 

Another species that appears to have been de¬ 
pleted since European settlement is C. gracilis, the 
most frequently recorded semi-arid woodland 
species on the survey plans. This is in stark contrast 
to more recent data from the Victorian Flora Infor¬ 
mation System (DSE 2004), which shows C. gracilis 
occurring in only 52 of 606 semi-arid woodland 
quadrats (8.6 %) in the study area. Frequent dead 
standing and fallen trees, numerous stumps and 
widespread lack of regeneration point towards a de¬ 
cline in C. gracilis throughout remnants in the study 
area. The problems of extensive clearing and lack of 
regeneration of C. gracilis in Victoria were first 
recognised in the early 1930s (Zimmer 1942; 1944). 
Zimmer (1944) noted that “owing to the advance of 
settlement in the far north-west of Victoria, large 
belts of Murray Pine have been lost in the process of 
clearing land for the cultivation of cereals” (Zimmer 
1944). C. gracilis timber was in demand as a termite 
resistant and durable timber and on one early survey 
map, it was reported that “all the good timber has 
been cut out” (Victorian Railways 1921). In the 
1930s, the cumulative effects of severe drought and 
insect attack led to the death of many pines (Zimmer 
1944; Sims and Carne 1947) to the extent that it 
“nearly amounted to the wiping out of a species in a 
given area [the Victorian Mallee]” (Paton 1951). It 
has been suggested that many of the stumps ob¬ 
served today were cut following tree death in the 
1930s drought. 

Extent of change in semi-arid woodlands since 
European settlement 

Estimations of the extent of clearing of semi-arid 
woodlands outside of the MSNP indicates more than 
80 % of areas originally supporting semi-arid wood¬ 
lands have been cleared. 

It must be stated that all historical vegetation 
surveys took place during early settlement, from 
1864 to 1935. The vegetation was no longer pristine 
at this time, with impacts of grazing, timber har¬ 
vesting for fences, building materials and fuel. 
There are notes on many of the survey plans relating 
to burnt vegetation. Fires that were used to assist 
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with the clearing of land frequently escaped to burn 
large areas within the study area (LCC 1987). De¬ 
spite these impacts, it is assumed that the distribu¬ 
tion, composition and structure were relatively 
unchanged at the scale described. This information 
contributes towards an understanding of the vegeta¬ 
tion at the time of settlement. 


Conclusions 

Historical survey plans and maps contribute unique 
information to our understanding of the distribution, 
composition and change of semi-arid woodlands in 
north-west Victoria. In areas such as this, where veg¬ 
etation disturbances have been great and little native 
vegetation remains, historical survey plans can con¬ 
tribute greatly to an understanding of the pre-Euro¬ 
pean vegetation. Compiling and analysing the 
historical survey plans using GIS facilitated spatial 
analyses and map generation. 

The survey plans and other historical records 
show that semi-arid woodlands in north-west Victo¬ 
ria were always variable in both composition and 
density. Historically, setni-arid woodlands com¬ 
monly included Callilris gracilis ssp. murrayensis 
and were frequently described as open. Woodlands 
at the time of settlement were more likely to be de¬ 
scribed as open, than dense, although a number of 
dense woodland areas were described. 

More than 80 % of semi-arid woodlands have 
been cleared in agricultural regions surrounding the 
MSNP. In addition, there has been an overall de¬ 
crease in tree density within vegetation remnants 
throughout the study area, due to tree harvesting, 
thinning and senescence in the absence of regenera¬ 
tion. This highlights the need to conserve and man¬ 
age remnants to ensure regeneration. 
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lit nnett, A.E., Lumsden, L.F. and Menkhorst. P.W., 2006. Mammals of the Malice Region, Victoria: 
past, present and future. Proceedings of the Royal Society of Victoria 118 (2): 259-280. 

The mammal fauna of the semi-arid Malice region of Victoria differs markedly from that in tem¬ 
perate southern parts of the state, and includes numerous species that also occur in arid environments of 
central Australia. A lotal of 48 species of native mammals are recorded from the region, including at least 
10 species known only from the Blandowski expedition of 1856-57. Marked changes have occurred to 
the fauna over the last 150 years, including the regional loss of at least 13 species (with five taxa glob¬ 
ally extinct), and a further 10 species have been introduced to the area and established wild populations. 
Species loss has been greatest among the bandicoots, rodents and dasyurids, despite historical reports 
that some of these species were widespread and common. Loss has been greatest among species of 
medium body-size (0.05 0.5 kg); 78% (7/9) of species in this range have disappeared compared with 

<30% in other size-classes. In contrast, there is no evidence of loss among the four families of bats pres¬ 
ent. which together comprise one-third of the known native fauna. We describe the main components of 
the present mammal fauna, together with their relative abundance, distribution and conservation status. 
No species of native mammal is endemic to the Mallee region. Those most closely associated with malice 
vegetation in Victoria are the Mallee Ningaui, Little Pygmy Possum and Mitchell’s Hopping Mouse. The 
future of the mammal fauna of the Mallee region over the next century, particularly of species regarded 
as ‘threatened’ or ‘near threatened’, depends on the choices made concerning human land-use in this re¬ 
gion. Geographic areas particularly important to long-term conservation are the extensive vegetation 
blocks of the dunefields (Sunset Country, Big Desert), the Murray River corridor, and the plains of the 
far north-west where native vegetation links the dunefields with contiguous mallee ecosystems in South 
Australia and New South Wales. Reintroduction of mammal species to the Mallee region also offers po¬ 
tential benefits for conservation, ecosystem restoration and a greater community appreciation of mallee 
ecosystems. I lowever. for effective conservation the knowledge base for the mammal fauna of the Mallee 
region must extend beyond inventory and survey to a greater understanding of the ecology of species and 
assemblages, and the processes that determine their distribution and abundance. 

Key words', mammal communities, biogeography, conservation management, extinctions, threatened species 


THE STATE OF VICTORIA is situated in the tem¬ 
perate, south-eastern corner of a large dry continent, 
Australia. The Mallee region in north-western Vic¬ 
toria (Fig. 1) is that part of the state with the great¬ 
est similarity to the arid environment which makes 
up more than 70% of Australia. The flora and fauna 
of this semi-arid region differ markedly from that of 
temperate southern regions of the state (LCC 1987), 
and comprise a fascinating and important part of 
Victoria’s natural heritage. In the four decades since 
the Royal Society of Victoria published the proceed¬ 
ings of its first symposium on the Mallee region in 
1966, knowledge of the biota of the Mallee region 


has increased greatly. Fauna surveys (Simpson 
1973; Cockburn et al. 1979; Robertson et al. 1989; 
Lumsden & Bennett 1995), studies of the ecology of 
individual species (e.g. Cockburn 1981a, b; Ward 
1990; Coulson 1993a, b), discoveries of new species 
for the region (Dixon 1978; Fleming & Cockburn 
1979; Lumsden et al. 1988), investigations of the 
impact of land-uses (e.g. Woinarski 1989) and syn¬ 
theses of existing information (Bennett et al. 1989; 
Menkhorst & Bennett 1990) have all added to 
knowledge. The aim of this review is to present an 
overview of present knowledge of the mammal 
fauna of the Mallee region, including a summary of 
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the historical fauna and changes that have occurred 
the composition of the present fauna, and a discus¬ 
sion of issues relevant to the future status of mam¬ 
mals in the region. The study area boundaries used 
in this review (Fig. I) are based on the Land Con¬ 
servation Council study area (LCC 1987). 

The environment for mammals 

It is useful to recognise several features that shape the 
environment experienced by the fauna of the Mallee 
region, as a context for understanding its ecological 
composition and changes that have occurred. 

1. It is a hot and dry environment for much of the 
year. Mean annual rainfall ranges from 400 mm 
in the south to <250 mm in the north. Mean 
maximum daily temperature in summer (Janu¬ 
ary, February) is approximately 32° C (for Mil- 


dura) (LCC 1987) and maximum temperatures 
of 35-40° C occur frequently. 

2. Low rainfall, high summer temperatures and 
soils of low fertility across much of the region 
mean that primary productivity is low and plant 
growth is limited compared with southern Vic¬ 
toria. Drought is a regular occurrence. 

3. Topographic variation is low: elevation ranges 
from approximately 40 to 140 m across the re¬ 
gion, but with little variation (generally <20 m) 
at a local scale. Environmental heterogeneity at 
the regional scale is driven mainly by variation 
in land systems and the presence of the Murray 
River and associated channels and lakes; and at 
a local scale by variation in landforms (dunes 
and swales, lunettes, salt pans, small plains) and 
their associated soil types. 

4. The vegetation is dominated by tall shrubland of 
mallee eucalypts, generally with a canopy height 



Fig. 1. The Mallee region in north-west Victoria. 
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of <5 in, or open heath and open scrub of scle- 
rophyllous shrubs (<3 m). Structural complexity 
of these vegetation types is low; and some habi¬ 
tat resources used by mammals, such as large 
trees, large tree hollows, logs and open space 
below the canopy, are scarce or absent. Greater 
structural complexity is provided by dryland 
woodlands dominated by Casuarina and Cal- 
litris trees, and riverine woodlands of River Red 
Gum Eucalyptus camaldulensis or Black Box E. 
largiflorens , but these arc limited in extent. 

5. Surface water is scarce or non-existent for much 
of the year in the natural environment. There are 
few streams, other than the Murray River and its 
associated channels, lakes and billabongs. How¬ 
ever, agricultural settlement has resulted in the 
establishment of numerous dams and water chan¬ 
nels to provide water supply for domestic stock. 

6. It is a fire-prone environment. Large fires occur 
regularly, and the composition and structure of 
the tall shrubland and open heathland vegetation 
of the dunefields is strongly influenced by fire 
frequency and duration since the last fire. The 
sequence of fires and their spatial pattern create 
mosaics of differing vegetation types and post¬ 
fire scral stages. Other vegetation types, such as 
saline shrublands and chenopod shrublands of 
the alluvial plains, have low flammability. 

7. In the last 150 years, massive clearing of native 
vegetation has occurred where soils are suitable 
for cereal cropping. The disproportionate pat¬ 
tern of clearing means that some vegetation 
types arc now poorly represented (e.g. woodland 
of Belah Casuarina pauper) while others are 
still relatively widespread (e.g. malice-heath of 
the Big Desert). 

8. The history of land clearing has strongly influ¬ 
enced the current spatial pattern of native vege¬ 
tation. Large contiguous blocks of vegetation 
remain on the dunefields of the Big Desert and 
Sunset Country, and a narrow strip extends 
along the Murray River, but in the main agricul¬ 
tural zones (especially the eastern half of the re¬ 
gion) native vegetation persists mainly as small 
disturbed fragments amongst farmland or linear 
networks along road systems. 

9. Almost the entire Malice region has been held 
within pastoral properties and grazed by domes¬ 
tic stock at some time over the last 160 years 
(Kenyon 1982; LCC 1987). 


10. Human land-use in the Mallee region has in¬ 
volved many other activities that affect the envi¬ 
ronment for native mammals, including gross 
modification of river flows, introduction of ex¬ 
otic plants and animals, harvesting of natural re¬ 
sources (e.g. timber, broombush, gypsum, salt, 
mineral sands), changes to fire regimes, and use 
of fertilisers and pesticides. 

Sources of information 

This review is based on information on the mammal 

fauna of the Mallee region from four types of sources. 

1. Historical accounts of the fauna around the time 
of first European exploration and settlement. The 
most notable was the expedition led by William 
Blandowski (including the naturalist Gerard Kr- 
effl), sent in 1856-57 to the junction of the Mur¬ 
ray and Darling Rivers to report on the natural 
history of the area (Blandowski 1858; Krefft 
1866). Wakefield (1966a) systematically listed 
the species recorded on that expedition. Limited 
information is available in reports from other 
early visitors to the region, including Beilby 
(1849), Morton (1861) and French (1888) and the 
regional history by Kenyon (1982). 

2. Previous reviews of aspects of the mammal fauna 
of the Mallee region (Wakefield 1966b; Bennett 
et al. 1989; Menkhorst & Bennett 1990). 

3. A regional fauna survey undertaken in 1985-87 
as part of the Land Conservation Council review 
of the use of public land (LCC 1987). Data from 
that survey (Robertson et al. 1989; Lumsden & 
Bennett 1995), together with records from the 
Atlas of Victorian Wildlife (Department of Sus¬ 
tainability and Environment, Victoria) are the 
main basis for assessment of the ‘present’ status 
of the fauna, as there has not been a more recent 
region-wide survey. 

4. Other surveys, ecological studies of species, and 
investigations of land-uses (e.g. Simpson 1973; 
Dixon 1978; Chcal et al. 1979; Cockburn et al. 
1979; Cockburn 1981a, b; Coventry & Dixon 
1984; Woinarski 1989; Ward 1990. 1992; Coul- 
son 1993a, b; Bos & Carthcw 2001). 

Taxonomy and nomenclature of mammal 

species in this review follow Menkhorst and Knight 

(2004). Table 1 provides the scientific names of all 

species recorded from the region. 
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Family 

Species 

Common name 

Conservation status in 
Victoria (at Feb 2006) 

Tachyglossidae 

Tachyglossus aculeatus 

Short-beaked Echidna 


Ornithorhynchidae 

Omithorhynchus anatinus 

Platypus 


Dasyuridae 

Antechinus'Jlavipes 

Yellow-footed Antechinus 

MX 


Dasyurns geoffroii 

Western Quoll 

MX 


Dasyurus maculatus 

Spot-tailed Quoll 

E, L 


Ningaut yvonrteae 

Malice Ningaui 

NT 


Phascogalc calura 

Red-tailed Phascogale 

MX, L 


Planigale gilcsi 

Gile’s Planigale 

NT, L 


Sminthopsis crassicaudata 

Fat-tailed Dunnart 

NT 


Sminthopsis murina 

Common Dunnart 

V 

Peramelidae 

Chaeropus ecaudatus 

Pig-footed Bandicoot 

X, L 


Isoodon aff aurat us 

a short-nosed bandicoot 

X 


Perameles bougainville 

Western Barred Bandicoot 

MX, L 

Phascolarctidae 

Phascolarctos cinereus (I) 

Koala 


Phalangeridac 

Trichosums vulpecula 

Common Brushtail Possum 


Burramyidac 

Cereartetus concinnus 

Western Pygmy Possum 

NT 


Cercarletus lepidus 

Little Pygmy Possum 

NT 

Pseudochciridae 

Pseudocheirus peregrinus 

Common Ringtail Possum 

MX 

Acrobatidae 

Acrobates pygmaeus 

Feathertail Glider 


Potoroidac 

Beitongia penicillata 

Brush-tailed Bettong 

MX, L 

Macropodidae 

Macropus fuliginosus 

Western Grey Kangaroo 



Macropus giganteus 

Eastern Grey Kangaroo 



Macropus rufus 

Red Kangaroo 

NT 


Onvchogalea fmenata 

Bridled Nailtail Wallaby 

MX, L 


Wallabia bicolor 

Black Wallaby 


Pteropodidae 

Pteropus scapulatus 

Little Red Flying-fox 


Emballonuridae 

Saccolaimus Jlaviventris 

Yellow-bellied Sheathtail Bat 


Molossidae 

Mormopterus sp. (long penis form) 

Southern Freetail Bat 



Mormopterus sp, (short penis form) 

Inland Freetail Bat 



Mormopterus sp. (eastern form) 

Eastern Freetail Bat 



Tadarida australis 

White-striped Freetail Bat 


Vespertilionidae 

Chalinolobus gouldii 

Gould’s Wattled Bat 



Chalinolobus morio 

Chocolate Wattled Bat 



Nyctophilus geoffroyi 

Lesser Long-eared Bat 



Nyctophilus gouhii 

Gould’s Long-eared Bat 



Nyctophilus timoriensis 

Greater Long-eared Bat 

V, L 


Scotoivpens balstoni 

Inland Broad-nosed Bat 



Scotorepcns greyii 

Little Broad-nosed Bat 



Vespadelus ba verstocki 

Inland Forest Bat 



Vespadelus regulus 

Southern Forest Bat 



Vespadelus vulturnus 

Little Forest Bat 


Muridae 

Hydromys chrysogaster 

Water Rat 



Leporillus apicalis 

Lesser Stick-nest Rat 

X, L 


Leporillus conditor 

Greater Slick-nest Rat 

MX 


Mus musculus (I) 

House Mouse 



Notomys mitchellii 

Mitchells Hopping Mouse 

NT 


Pseudomys apodemoides 

Silky Mouse 

NT 


Pseudomys bolami 

Bolam’s Mouse 

MX 


Pseudomys desertor 

Desert Mouse 

MX, L 


Ratios rattus (1) 

Black Rat 


Canidae 

Cam's lupus dingo 

Dingo 

DD 


Canis lupus familiaris (1) 

Dog 



Vulpcs vulpes (I) 

Red Fox 


Felidae 

Fells catus (1) 

House Cat 


Bovidae 

Capra hircus (I) 

Goat 


Suidae 

Sits scrofa (I) 

Pig 


Leporidae 

Lepus capensis (I) 

Brown Hare 



Oryctulagus cuniculus (I) 

European Rabbit 



Table 1. Species of mammals known from the Mallee region, Victoria. Taxonomy and nomenclature follow Mcnkhorst 
and Knight (2004). I - Species introduced to the area. X - extinct, MX regionally extinct (i.e. no longer in Malice re¬ 
gion), E - endangered. V - vulnerable, NT - near threatened, DD - data deficient, L - Listed under the Flora ami Fauna 
Guarantee Ad, 1988. Categorisation as X, E, V, NT and DD follows DSE (2003). 
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THE MAMMAL FAUNA 

A total of 58 species of mammal, comprising 48 
species of native mammals and ten species that have 
been introduced to the area and have established 
wild populations, has been recorded in the Mallee 
region in historical times (Tabic 1). This total in¬ 
cludes the Dingo Cam's lupus dingo and feral Dog 
Cams lupus familiaris as separate forms. It also in¬ 
cludes the Koala, a species indigenous to southern 
Victoria that was introduced to Loch Island near 
Mildura in 1957 (Warneke 1978) but is no longer 
present (Menkhorst 1995a). 

It is likely that additional species occurred in the 
Mallee region historically, but either were not 
recorded or the existing evidence for their occur¬ 
rence in Victoria is equivocal (Menkhorst 1995b). 
Such species include the Kultarr Antechinomys 
laniger, 13i 1 by Macrolis lagolis. Burrowing Bettong 
Bettongia lesueur and Euro Macropus robustus 
erubescens. In relation to the Bilby, for example, Kr- 
efft (1866) stated that “this beautiful animal, like so 
many other species, has long ago retreated to the 
north of the Murray .” but Menkhorst and Scebeck 
(1995) concluded there was insufficient evidence 
that specimens collected during the Blandowski ex¬ 
pedition were from Victoria. Similarly, specimens of 
the Kultarr and Burrowing Bettong were collected 
during the expedition but not from the Victorian side 
of the Murray River. The Eastern Hare Wallaby 
Lagorchestes leporides is known in Victoria from 
two specimens from Mt Hope in the Northern Plains 
and probably also occurred in the Mallee region but 
there are no definite records (Williams 1995). Euros 
have been observed directly across the Murray River 
in New South Wales, but not in Victoria (Simpson 
1973). 

Ten species (21% of the native mammal fauna) 
are reliably known from the Mallee region only from 
historic records of the Blandowski expedition in 
1856-57: the Western Quoll, Red-tailed Phascogale, 
Pig-footed Bandicoot, a form of short-nosed bandi¬ 
coot ( Isoodon ), Western Barred Bandicoot, Brush- 
tailed Bettong, Bridled Nailtail Wallaby, Greater 
Stick-nest Rat, Bolam’s Mouse and Desert Mouse. 
We owe a debt of gratitude to the members of that 
expedition, especially to Gerard Krefft for docu¬ 
menting the fauna (Krefft 1866); without it our 
knowledge of the Mallee region and Victorias fauna 
would be much poorer. 

The historical assemblage of native mammals 
from the Mallee region is rich and comparable in di¬ 


versity to that of other natural regions in Victoria. 
Prominent families, in terms of numbers of native 
species, are the Vespcrtilionidae (evening bats, 10 
species), Dasyuridae (dasyurids, 8 species), Muri- 
dae (rodents, 7 species), Macropodidac (kangaroos 
and wallabies, 5 species), Molossidae (freetail bats, 
4 species) and Peramelidae (bandicoots, 3 species) 
(Table 1). Conversely, compared with temperate 
southern Victoria, the Mallee region has few arbo¬ 
real mammals and no members of the families 
Pctauridac (gliders) or Vombatidae (wombats). The 
composition of the fauna is distinctively different 
from that in temperate environments of the south. 
Notably, a substantial proportion of species (includ¬ 
ing most of those no longer present) are primarily 
associated with arid and semi-arid environments of 
inland Australia (e.g. Fat-tailed Dunnart, Gile’s 
Planigale, Pig-footed Bandicoot, Red Kangaroo, In¬ 
land Forest Bat, Inland Freetail Bat, Little Broad¬ 
nosed Bat, Desert Mouse). For many of these 
species, the Mallee region is (or was) the southern 
limit of their distribution. Others, especially those 
associated with semi-arid rather than arid environ¬ 
ments (e.g. Western Grey Kangaroo, Western 
Pygmy Possum, Inland Broad-nosed Bat, Silky 
Mouse), extend further south into the Wimmcra re¬ 
gion or other dry environments of southern Victoria. 

HISTORICAL CHANGES TO 
THE MAMMAL FAUNA 

Marked changes have occurred to the mammal 
fauna of the Mallee region during the past 150 years. 
The most obvious changes are the loss of at least 13 
taxa of native mammals (Table I), the introduction 
of large numbers of domestic mammals (especially 
Sheep Ovis aries), and the introduction of at least 10 
species of mammals that have established wild pop¬ 
ulations (Table 1). 

Two species that once occurred in the Mallee re¬ 
gion are now extinct, the Pig-footed Bandicoot and 
Lesser Stick-nest Rat. in addition, the eastern sub¬ 
species of the Western Barred Bandicoot Perameles 
bougainville fasciata, the eastern subspecies of the 
Brush-tailed Bettong Bettongia penicilluta penicil- 
lata and a form of short-nosed bandicoot Isoodon 
aff. auratus arc also extinct. Eight other species no 
longer occur in the Malice region but persist else¬ 
where in Australia, some in greatly reduced and lo¬ 
calised ranges (e.g. Bridled Nailtail Wallaby, 
Red-tailed Phascogale, Greater Stick-nest Rat). 
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Historical reports from early explorers and trav¬ 
ellers in the region provide fascinating glimpses of a 
mammal fauna quite different from the present. 
Many species that have disappeared were apparently 
common. The following quotes, for example, are 
from Gerard Kreffl (Krefft 1866; Wakefield 1966a): 

• Bridled Nailtail Wallaby - “The most common 
of all the smaller species of the Kangaroo tribe” 
and “of very common occurrence, to be met 
with any part of the Murray scrub”; 

• Bolam’s Mouse - “all over the Murray scrub”; 

• Lesser Stick-nest Rat - “found it in great num¬ 
bers upon Sir Thomas Mitchell’s old track on 
both sides of the Murray”; 

• Western Barred Bandicoot - “common on all 
parts of the Murray River”; and 

• Yellow-footed Antechinus - “It used to be so 
common near the camp on the Murray, that 1 
have often captured several specimens whenever 
a load of wood was brought in”. 

William Lockhart Morton writing as ‘An Old 
Bushman’ (Morton 1861) travelled through the Big 
Desert and Sunset Country in 1861. At the northern 
end of Wirrengren Plain (now in Wypcrfcld National 
Park, 35° 20’S, 141° 55’E) where he entered “ rising 
scrubby desert of white sand ”, his dog “tvov com¬ 
pletely distracted by the numbers of wallabies, pad- 
dymelons and kangaroo rats that bounded off'on all 
sides, the two latter generally remaining in their 
comfortable nests, made of dried grass, till the dog 
or our horses were nearly on top of them''. A further 
quotation attests to the apparent abundance of these 
species: "we came to very dense malice, when we 
turned into a course S. 35 deg. /:.. keeping along the 
edge of the open malice. Wild animals - especially 
paddy-melons and wallaby - were here in vast num¬ 
bers.” (Morton 1861). It is likely that the ‘kangaroo 
rat’ refers to the Brush-tailed Bettong, while the 
‘paddymelons’ and ‘wallaby’ may be the Eastern 
Hare Wallaby and Bridled Nailtail Wallaby 
(Menkhorst & Beardsell 1982; Bennett ct al. 1989), 
but we can only speculate. None of these species 
occur in the Mallee region today. 

Most of the species that disappeared from the re¬ 
gion also suffered massive reductions elsewhere in 
their former range, however, it is intriguing that 
some of the species that no longer occur in the 
Mallee region arc still abundant in adjoining re¬ 
gions. For example, the Yellow-footed Antechinus is 
common along the Murray River upstream of the 
Malice region. The Common Ringtail Possum is 
abundant throughout most of Victoria, but no longer 


occurs in the Mallee region. Morton (1861) com¬ 
mented that “ Ring-tailed opossums seemed numer¬ 
ous, and we got one out of a hollow tree for our 
dog”, although Krefft (1866) noted that it was “A 
rare animal on the Murray and Darling. I secured no 
more than two specimens during my whole stay”. 

Species that have been lost from the Mallee re¬ 
gion are not a random subset of the regional assem¬ 
blage. There has been a greater incidence of 
extinction among three categories (with overlap be¬ 
tween categories): 

1. species that have the majority of their geo¬ 
graphic range in arid areas (e.g. Western Barred 
Bandicoot, Desert Mouse, Lesser Stick-nest 
Rat); 

2. particular families (e.g. Peramelidae 3/3 taxa 
lost from the region, Potoroidac 1/1, Muridae 
4/7, Dasyuridac 3/8 - compared with some 
groups that are all still present, e.g. the Vesper- 
tilionidae 0/10); 

3. species of medium body-size, especially those in 
the weight range 0.05-0.5 kg (Fig. 2). For exam¬ 
ple, 78% (7/9) of those in this weight range have 
disappeared compared with 29% (4/14) greater 
than 500 g body-weight and 8% (2/25) less than 
50 g (or if bats are excluded, 20% 2/10). 

The scarcity of historical records makes it diffi¬ 
cult to determine the precise time or the cause of ex¬ 
tinctions. However, the most recent records for 
species that have disappeared, together with anec¬ 
dotal historical reports (see Bennett ct al. 1989) and 
the observations (or lack of observations) by later 
naturalists (e.g. French 1888; Mattingley 1909; 
O'Donohue 1915, 1916), suggest that the critical pe¬ 
riod of decline and regional extinction was between 
1860 and 1890. Even in the 1850s, Krefft (1866) re¬ 
ferred to “ the many species which will soon be ex¬ 
tinct", and noted a number of species that had 
“already retreated before the herds of sheep and cat¬ 
tle across the Murray”. 

In seeking to understand the decline and extinc¬ 
tion of mammals in Australia, biologists have pro¬ 
posed a number of potential causes including 
predation by introduced predators (feral House Cat, 
Red Fox), disease, persecution by humans, loss of 
habitat by clearing, habitat degradation by stock and 
other introduced herbivores (European Rabbit, 
Goat), and changes to the spatial and temporal 
pattern of habitats from altered fire regimes (New- 
some 1971; Kitchener et al. 1980: McKenzie 1981; 
Kinnear et al. 1988; Burbidgc & McKenzie 1989; 
Morton 1990; Smith & Quin 1996). It is likely that 
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Body weight (kg) 

Fig. 2. Relationship between body weight and the percentage of species regionally extinct (i.e. no longer present in the 
Mallee region) for mammals known historically from the Mallee region. Values above bars are the number of species in 
each weight range. 


no single cause, but rather the combined effects of 
multiple processes, is responsible. For the Mallee re¬ 
gion of south-eastern Australia, Bennett et al. (1989) 
proposed that a primary cause of species' decline 
was the impact on faunal habitats by grazing of do¬ 
mestic stock, exacerbated by subsequent invasion 
and devastation caused by European Rabbits. We 
summarise that argument here. 

Pastoral settlement began in 1845, initially along 
the river frontages and then to the adjacent plains 
(Kenyon 1982). Grazing pressure, mostly from 
Sheep, was concentrated in more-open vegetation 
such as saltbush Atriplex and bluebush Maireana 
shrublands, open woodlands and grasslands. From 
1850 to 1880, the number of Sheep in rangeland hold¬ 
ings increased dramatically (Kenyon 1982; Caughley 
1987). Rabbits were released in the Mallee region at 
Yannock Station (south of the Big Desert, 36° 08’ S, 
141° 27’ E) in 1860, and Morton Plains (near Birchip, 
36° 05' S. 142” 53’ E) in 1866 (Rolls 1969). They be¬ 
came abundant and had spread north to the Murray 
River by 1878; in 1879 they were reported as being in 
great numbers on Murray Downs station, New South 
Wales opposite Swan Hill (Rolls 1969). E.H. Las- 
celles who purchased Lake Corong station in 1878, 
wrote concerning rabbits: “ Owing to the runs being 


under annual licences, expiring in 1880 (at the same 
time open to free selection), no united action was 
taken for their destruction. The urgent state of the 
case was repeatedly bmught under the notice of the 
Government, but no legislation was forthcoming, the 
consequence being that in 1879 one run after another 
was abandoned .” (Kenyon 1982, p 73). In 1880, the 
Minister for Lands in Victoria inspected the country 
to sec the ravages by rabbits, and later said “I took a 
trip through the Mallee country and / never saw, and 
could not have conceived a greater picture of desola¬ 
tion. The 'abomination of desolation ’ is, in fact, the 
only phrase which would accurately describe it. We 
went over miles and miles of the countiy without see¬ 
ing a solitary sheep or a sign of life, except thousands 
of rabbits, and so thorn uglily had these devastated the 
district that there was not a blade of grass to be seen, 
and the trees were stripped of their bark as high as the 
rabbits could reach)' (Kenyon 1982, p 53). 

The combination of grazing by rapidly increas¬ 
ing sheep flocks and the devastation of plague num¬ 
bers of rabbits, exacerbated by droughts, caused 
severe degradation of native vegetation. Grazing 
leases were then abandoned and stock numbers 
greatly reduced (Kenyon 1982; Blayde 1933; Rolls 
1969). Thus, the period during which many native 
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mammals apparently declined and disappeared (ap¬ 
prox. 1860-1890) coincided with drastic change to 
their environment from introduced herbivores. De¬ 
struction and degradation of ground vegetation, 
trampling and compaction of soils, and over-brows¬ 
ing of shrubs, must have had an enormous impact on 
the native mammals that depended on these re¬ 
sources for food (e.g. tubers, seeds, fungi, grasses), 
for nest sites (e.g. grass tussocks, logs, low shrubs), 
or shelter from predators (e.g. dense understorey, 
patchy mosaic of vegetation). 

Introduced predators probably also had a signif¬ 
icant influence on fragmented and declining residual 
populations. However, little information is available 
on the introduction or historical abundance of intro¬ 
duced predators in the region. Rolls (1969) noted 
that the Red Fox had reached Bendigo by 1886 and 
was reported from the Murray River in 1893. Al¬ 
though too late to be held responsible for the pri¬ 
mary decline of many species, they probably 
contributed to the final demise of populations. 

Bats make up a third (16/48 species) of the 
known native mammal species of the Mallec region 
(Table I). There is little historical information on 
their occurrence, and few specimens were collected 
during the Blandowski expedition (Krefft 1866; 
Wakefield 1966a). Krefft (1866) noted that "Owing 
to the superstitions of the native, who look upon 
every Bat as a departed friend and relative ... the 
number of Bats collected during my journey was 
very limited indeed However, there is no evidence 
that any species have been lost from the region in 
historical times. 


COMPONENTS OF THE PRESENT 
MAMMAL FAUNA 

For an overview of the present fauna, species have 
been grouped into three categories; small terrestrial 
mammals (<0.5 kg), bats, and larger mammals (>0.5 
kg, both terrestrial and aquatic). 

Small terrestrial and arboreal mammals 

The nine extant species of small native terrestrial 
mammals include four dasyurids (Mallee Ningaui, 
Gile’s Planigale, Fat-tailed Dunnart. Common Dun- 
nart), two pygmy possums (Western Pygmy Possum, 
Little Pygmy Possum), the Feathertail Glider, and 
two rodents (Mitchell’s Hopping Mouse, Silky 


Mouse). In addition there are two introduced rodents 
(House Mouse, Black Rat). As highlighted above, 
this component of the fauna has been severely de¬ 
pleted by the loss of at least two dasyurids, four ro¬ 
dents and three bandicoots (Table 1): that is, half of 
the small, native terrestrial mammals that once oc¬ 
curred in the Mallee region are no longer present. 
Individuals of most remaining native species (8/9) 
are generally <20 g body weight. 

Native small mammals are currently sparsely 
distributed in native vegetation. Data from the 1985- 
87 fauna survey (LCC 1987; Robertson ct al. 1989), 
which involved intensive sampling at 120 survey 
sites across the main landforms of the region, are 
used to provide the following summary. 

Small native mammals were recorded at 60% of 
survey sites (72/120); notably, at 40% of survey sites 
(48/120) no native mammals were recorded despite 
Five seasonal surveys (involving pitfalls and other 
trap types) at each site over a 2-year period. At most 
sites where native mammals were detected only one 
native species was recorded (i.e. 68%, 49/72 sites). 
Species richness of small native mammals typically 
is low (generally 0 or I species) throughout the river¬ 
ine and alluvial plains, and the lunettes and ridges 
that support dryland woodland (e.g. CaUitris, Casua- 
rina), and also throughout much of the dune systems 
of the Sunset Country. The richest areas are in 
mallee-heath vegetation in the Big Desert, where up 
to five species were recorded at a site. Of 20 survey 
sites in the northern Big Desert, native mammals 
were recorded at 19 sites (95%), the exception being 
a grassy plain; species richness ranged from 1-5 
species (mean = 2.8). 

The number of captures of small mammals in the 
fauna survey are summarised in Table 2, together with 
the number of survey sites (n = 120) at which each 
was detected. Overall, trap success was low and 
species were restricted to a subset of sites associated 
with the vegetation types and land systems that they 
favoured (Table 3). The Silky Mouse and Little 
Pygmy Possum were the most frequently captured na¬ 
tive species (Table 2). In the Malice region, the Silky 
Mouse occurs only in the Big Desert and was 
recorded at 10 survey sites there. The same number of 
captures was made for the Little Pygmy Possum but 
these were spread across 28 sites, this being the most 
widely distributed, native small mammal. 

The introduced House Mouse was widespread 
and abundant, with a total of 729 captures across 87% 
of sites (104/120) (Table 2). It fluctuates in numbers 
in the region and irregularly ‘plagues’ in immense 


MAMMALS OF THE MALLEE REGION, VICTORIA 


267 


Species 

Pitfalls 

Trap type 

Cage Elliott 

Funnel 

Total 

captures 

No. of sites 
(n= 120) 

Malice Ningaui 

84 


1 

1 

86 

22 

Giles Planigale 

10 




10 

4 

Fat-tailed Dunnart 

21 

1 


2 

24 

7 

Common Dunnart 

16 


1 


17 

13 

Western Pygmy Possum 

53 



1 

54 

17 

Little Pygmy Possum 

104 




104 

28 

House Mouse 

557 

29 

131 

12 

729 

104 

Mitchell’s Hopping Mouse 

3 

47 

24 


74 

14 

Silky Mouse 

77 

10 

11 

6 

104 

10 

Total captures 

Survey effort (trapnights) 

925 

33,282 

87 

12,312 

168 

12,844 

22 

2143 

1202 



Table 2. Relative abundance of small terrestrial mammals in the Malice region based on numbers of captures in differ¬ 
ent trap types during the 1485-87 fauna survey (LCC 1987; Robertson ct al. 1989). 

The trapping array at each of 120 survey sites included 10 pitfall traps (20 L buckets) spaced at 5 m intervals 
and connected by a flywire drift-fence; and eight wire-mesh cage traps and eight Elliott aluminium traps set along a sep¬ 
arate drift-fence in the shape of a cross (+). A single wire-mesh funnel trap (funnel opening at each end) was placed at the 
centre of the latter drift-fence. 


numbers (Singleton and Redhead 1989). Most cap¬ 
tures were in a single survey round (summer 1987) 
and occurred across many vegetation types, including 
sites in the rnallee dunefields, many kilometres from 
farmland. No captures were made of Black Rats in 
native vegetation: the only records for the Mallee re¬ 
gion are from Mildura (Menkhorst 1995c). 


A generalised summary of the distribution of 
species in relation to broad vegetation categories is 
presented in Table 3. No terrestrial native species are 
associated with River Red Gum woodland fringing the 
Murray River (i.e. excluding the arboreal Fcathertail 
Glider which occurs there): the Yellow-footed Antech- 
inus formerly occurred there but now reaches its geo- 


Broad vegetation group 

River 
Red Gum 

Black Box 

Dryland 

Clicnopod 

Malice 

and 

Mallee 

and 

Malice- 
heath and 


woodland 

woodland 

woodland 

shrubland 

chenopods 

Triodia 

heath 

Landform 

Riverine 

Riverine 


Alluvial 

Inter-dune 

Sand 

Deep sand 


plain 

plain 

Lunettes 

terraces 

swales 

dunes 

plains 

House Mouse 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


Gile’s Planigale + 

Fat-tailed Dunnart + 


Common Dunnart + 

Mallee Ningaui + + 

Little Pygmy Possum + + 

Mitchell’s Hopping Mouse + + 

Western Pygmy Possum + 

Silky Mouse + 


Table 3. Generalised summary of small terrestrial mammals characteristically associated with broad vegetation groups 
in the Mallee region. 
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graphic limit upstream at approximately Murrabit 
(Menkhorst 1995d). Giles Planigale occurs mainly in 
association with Black Box dominated woodlands 
with chenopod understorey on cracking clay soils ad¬ 
jacent to the Murray River, downstream from Mildura. 
This small carnivorous marsupial was first recorded 
for Victoria in 1985 (Lumsden ct al. 1988). The Fat¬ 
tailed Dunnart is the characteristic species associated 
with chenopod shrublands of bluebush Maireana or 
saltbush Atriplex on the alluvial terraces set back from 
the Murray River. It also occurs in other mainly tree¬ 
less vegetation, such as open grassy or chenopod- 
dominated vegetation, including some farmland areas 
where it shelters under rocks, fallen limber or old 
fence posts. The Common Dunnart, contrary to its 
name, is not common: only 17 captures were made in 
more than 30,000 pitfall trapnights during the survey, 
and at most of the 13 sites where it was detected, only 
a single individual was trapped. This species is the 
only native small mammal associated with mallee 
shrubland with a chenopod understorey, characteristic 
of heavier soils of the inter-dune swales in the Sunset 
Country; but individuals are also recorded on occasion 
in mallee vegetation on dunes and in mallee heath. 

The Mallee Ningaui typically occurs in mallee 
vegetation on sandy substrates where Triodia hum¬ 
mocks are abundant. At many of these sites, espe¬ 
cially in the Sunset Country, it was the only native 
small mammal recorded. It also occurs in mallee 
heath vegetation where Triodia is present and can 
share these sites with up to four other species. Triodia 
hummocks are used for foraging and nest sites (Bos 
et al. 2002). Mitchell’s Hopping Mouse favours sites 
on deep sand, either on upper dune crests in the Sun¬ 
set Country where shrubs are well represented (e.g. 
Leptospermum) or tall shrubby vegetation on deep 
sand plains of the Big Desert, including Broombush 
Melaleuca uncinata shrubland. Seeds and fruits com¬ 
prised more than 70% of the diet of four individuals 
in the Big Desert in spring and summer (Cockbum 
1981a). The Silky Mouse occurs in the Big Desert 
(but not in the Sunset Country) where it favours sites 
with a diverse heathy understorey on deep sands. It 
also is mainly granivorous, but will exploit seasonally 
abundant resources such as flowers, Banksia nectar 
and pollen, fungi and invertebrates (Cockburn 
1981a). The diversity of sclerophyllous shrubs in 
heath habitats provides a range of flowers, fruits and 
seeds throughout the year. 

The two species of pygmy possum overlap in 
distribution and careful analysis is needed to clarify 
their relative distributions and habitat usage. Al¬ 


though there are records of both species from the 
duneficlds of the Sunset Country and Big Desert 
blocks, the Western Pygmy Possum tends to be more 
closely associated with sclerophyllous shrubby veg¬ 
etation of mallee heath or heathland of the Big 
Desert. The Little Pygmy Possum is more wide¬ 
spread. 

Within the Mallee region, the Feathertail Glider 
is absent from the extensive vegetation of the dune- 
fields and only occurs in the Red Gum Woodlands 
along the Murray River. It is likely to occur along 
the full length of the Murray River corridor, as it has 
also recently been recorded just over the border in 
South Australia near Renmark (Richardson & 
Carthew 2004). 


Bats 

Sixteen species of bats are known from the Mallee 
region (Table 1), together comprising one-third of 
the known native mammal fauna (16/48) or almost 
half (16/35) of the extant native fauna. Ten species 
are likely to be regularly encountered; the remaining 
six are scarce or of irregular occurrence. This latter 
group includes the Little Red Flying-fox, Yellow- 
bellied Sheathtail Bat. Eastern Freetail Bat, Greater 
Long-eared Bat, Gould’s Long-eared Bat and Little 
Broad-nosed Bat. 

Individuals of the Little Red Flying-fox occa¬ 
sionally disperse west from the main distribution in 
eastern Australia, and in the Mallee region have 
been recorded along the Murray River at Piangil in 
1976 (Hayward 1981). Reports of ‘flying-foxes’ 
from fruit-growing areas at Mcrbein in the 1970s (D. 
Moy, pers. comm.) are also likely to have been this 
species. The Yellow-bellied Sheathtail Bat is a rare 
species in Victoria with only two records from the 
Malice region: its distribution and habitat require¬ 
ments in southern Australia arc poorly known 
(Lumsden & Menkhorst 1995). Records are concen¬ 
trated in autumn and early winter, and it is likely to 
be cither a rare seasonal visitor or vagrant to Victo¬ 
ria (Lumsden & Menkhorst 1995). The Greater 
Long-eared Bat is a rare species characteristic of 
semi-arid environments in eastern Australia (Lums¬ 
den 1994). There are only six Victorian records, four 
of which are from the Malice region, the most recent 
from Nowingi (Koehler 2006) and the outskirts of 
Mildura (D. Gee. pers. comm.) in 2005. The Gould’s 
Long-eared Bat is also scarce in the region, but in 
contrast to its congener it is typical of wetter 
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forested areas in southern Victoria. It has been 
recorded recently in the Malice region in low num¬ 
bers in the mesic zone along the Murray River (D. 
Gee and R Webb, pers. comm.). 

The Eastern Freetail Bat also is more typical of 
moist forested environments of south-eastern Aus¬ 
tralia, and its distribution extends into the Malice re¬ 
gion along the Murray River corridor. It was recorded 
near Swan Mill in 2000, and is known from the Mur¬ 
ray River in South Australia (T. Reardon, pers. 
comm.). Consequently, it is also likely to be present at 
other locations along the Murray River in Victoria. 
The Little Broad-nosed Bat is common in inland and 
northern Australia and only recently has been 
recorded in Victoria, with a single individual found in 
Mildura in March 1999 (D. Gee, pers. comm.). 

An extensive trapping survey of bats in the Malice 
region in 1985-87 (Lumsden and Bennett 1995) pro¬ 
vides tin overview of the bat fauna (Table 4): but note 
that three species (Gould's Long-eared Bat, Little 
Broad-nosed Bat, Eastern Freetail Bat) have since been 
added to the region's bat fauna. The following sum¬ 
mary of habitat use is based on that survey. 

Bats arc highly mobile, may fly many kilometres 
between roosting and foraging sites (Lumsden et al. 
2002), and easily move between adjacent vegetation 
communities. Hence, to compare habitat use between 
species, capture success was collated in relation to 
four broad vegetation groups: riverine woodlands, 
dryland woodlands dominated by Casuarina/Callitris 
species, open woodland/grassland, and malice shrub- 
land (Table 4). Overall, trapping success for bats in 
riverine woodland was more than twice that for 
mallee shrubland. This difference can be related to the 
availability of resources such as roost sites, foraging 
space and water. River Red Gum and Black Box trees 
along the floodplain provide abundant hollows as po¬ 
tential roost sites, whereas malice eucalypts have thin 
stems and relatively fewer hollows, The taller growth 
form of the woodland trees offers a greater volume of 
below-canopy foraging space, and greater variety of 
foraging opportunities. Further, bats were more likely 
to be recorded at, or adjacent to, water sources (rivers, 
dams) than distant from water (Lumsden & Bennett 
1995). During summer months, the period of greatest 
bat activity, many individuals travel from adjacent 
vegetation types to drink at dams, pools and the river. 

The most abundant species in the survey were 
the Gould's Wattled Bat, Lesser Long-eared Bat and 
Little Forest Bat. The first two were widespread 
among all major vegetation groups and part of a 
‘core’ of species likely to be trapped in any locality 


in the region. However, the Gould’s Wattled Bat 
tended to favour riverine woodlands while the 
Lesser Long-eared Bat was more frequently trapped 
in woodlands and mallee shrubland away from the 
river. The Little Forest Bat was most frequently en¬ 
countered in riverine woodlands. In the Mallee re¬ 
gion, it is associated with mesic habitats of the 
major rivers and lakes, especially the Murray River 
corridor. The few captures in mallee vegetation were 
close to the river. 

Substantial numbers of the Southern/Inland For¬ 
est Bat were also captured. In this region these two 
species generally can not be identified on external 
morphology (except by penis morphology) (Lums- 
den & Bennett 1995). The presence of the Inland 
Forest Bat in the Mallee region was discovered dur¬ 
ing the survey by electrophoretic analysis of tissue 
samples from bat specimens (Lumsden & Bennett 
1995). Except for individuals positively identified in 
this way, all other records were combined into the 
species complex. This species complex was trapped 
relatively consistently in each vegetation group, 
however this masked habitat preferences of each 
species. Of 46 individuals identified by elec¬ 
trophoresis, 100% (19/19) of those from riverine 
woodland were the Southern Forest Bat; in open 
woodland/grassland 82% (18/22) were the Inland 
Forest Bat with 18% (4/22) the Southern Forest Bat; 
while in mallee shrubland four Southern and one In¬ 
land Forest Bat were identified from five specimens. 
These limited results show there is overlap between 
the two species, and suggest that the Inland Forest 
Bat may be more abundant in drier habitats than the 
Southern Forest Bat, with the converse in the mesic 
riverine habitats. 

The White-striped Freetail Bat is seldom cap¬ 
tured, but this high-flying species was recorded at 
many locations by its audible echolocation call and is 
believed to forage over all vegetation types. The 
Southern Freetail Bat and Inland Freetail Bat were 
more common in woodland vegetation groups than in 
mallee shrubland, although numbers trapped were too 
low to allow detailed analysis. Similarly, the few cap¬ 
tures of the Inland Broad-nosed Bat were from wood¬ 
lands, mainly by mist-net captures at water bodies. 

The Chocolate Wattled Bat was trapped in low 
numbers in a range of vegetation types. Its geo¬ 
graphic range appears to extend from the north of 
the Big Desert across to and including Hattah- 
Kulkyne National Park, but excluding most of the 
Sunset Country. The rare species, the Greater Long¬ 
eared Bat, was represented in this survey by a single 
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individual (an adult male) captured by mist-net in 
open Casuarina woodland, adjacent to River Red 
Gum woodland and malice shrubland, in Hattah- 
Kulkync National Park (Lumsden 1994). 

When assemblages of bats from semi-arid envi¬ 
ronments such as the Malice region are compared 
with those from temperate, sub-tropical and tropical 
environments, several features are distinctive (Lums¬ 
den & Bennett 1995). First, assemblages from semi- 
arid environments tend to have lower species 
richness; to be dominated by insectivores and have 
fewer species that feed on fruit, nectar or vertebrate 
prey; and to have a greater proportion of species of 
small body size (i.e. forearm length <45 mm). Sec¬ 
ond, when individuals of the same species are com¬ 
pared, those from semi-arid environments have 
smaller body size. For each of five common species 
for which adequate sample sizes were available, fore¬ 
arm lengths of individuals from the Mallee region 
were significantly smaller (P < 0.001, for males and 
females separately) than conspecifics from temperate 
southern Victoria (Lumsden & Bennett 1995). 


Larger mammals 

Four species of macropods presently occur in the re¬ 
gion; the Eastern Grey Kangaroo, Western Grey 
Kangaroo. Red Kangaroo and Black Wallaby. The 
most widespread and abundant is the Western Grey 
Kangaroo which occurs throughout all vegetation 
communities. Highest densities occur where there is 
a combination of three resources; water, grasses for 
food, and shelter. Densities of >40 individuals per 
km 2 have been reported from Hattah-Kulkyne Na¬ 
tional Park where water is usually available in the 
lakes and there is ample open woodland (Coulson 
1993 a, b). The density is lowest in mallee shrubland 
far from water, where palatable grasses are sparse. 

The Eastern Grey Kangaroo and Black Wallaby 
have limited distributions in the region, both being char¬ 
acteristic of temperate southern and eastern Victoria. 
Both species extend into the Malice region from the 
south along creek systems (Yarriambiack Creek, Wim- 
mera River), while the Eastern Grey Kangaroo also ex¬ 
tends into the region along the Murray River corridor. 
Red Kangaroos mainly occur in the northern half of the 
region where they arc most frequently observed in open 
vegetation with sparse or no tree layer (very open 
mallee, chenopod shrublands, gypseous plains grass¬ 
land). They are widespread on the alluvial plains adja¬ 
cent to the Murray River and in and around clearings 


and grasslands in the Sunset Country, and also have 
been recorded from the Pine Plains area of open wood¬ 
land in the northern Big Desert. There is some evidence 
of a southward extension of range in the Big Desert in 
recent decades (Atlas of Victorian Wildlife). 

The Short-beaked Echidna occurs widely in nat¬ 
ural vegetation of the region, except for chenopod 
shrublands on the alluvial plains and saline areas on 
Boinka land systems. Most evidence of its occur¬ 
rence is from the presence of characteristic dig¬ 
gings; individuals are seldom seen (although 
occasionally noted as road kills). Diggings are more 
prominent in heavier soils of lunettes, ridges and 
sw'alcs between dunes, rather than in deep sandy 
soils of dune systems. The occurrence of hair and 
spines from Echidnas in 9% of predator scats 
(69/742) collected in the region (L. Lumsden un¬ 
published data) suggests either that it is more com¬ 
mon than occasional sightings suggest, or is 
preferentially taken by predators. Krelft (1868) did 
not collect any specimens in the region and noted 
that “ the natives... did not appear to be aware of the 
existence of such an animal as the Echidna ”, which 
led Wakefield (1966b) to suggest that it has spread 
into the northern Malice in the last 100 years. 

The Common Brushtaii Possum is confined 
mainly to woodlands along watercourses, including 
the Murray River system and the lower reaches of the 
Wimmera River system in Wyperfekl National Park. 
There is only one record of the Spot-tailed Quoll 
from the region: a single animal was captured near 
the Murray River at Natya, north of Swan Hill, in 
July 1991. It is not known whether it represented the 
remnants of a resident population or had travelled 
more than 200 km from the nearest contemporary 
record. No further evidence of the presence of Spot¬ 
tailed Quolls in the Mallee region has come to light. 

Two aquatic species, the Water Rat and Platy¬ 
pus, arc confined mainly to the Murray River sys¬ 
tem. Water Rats are resident in the Murray River and 
associated billabongs and irrigation channels. The 
Platypus is rare with few records downstream from 
Echuca (Mcnkhorst I995e): it is not clear whether a 
resident population occurs in the Murray River in 
the Mallee region or whether the occasional records 
arc from animals dispersing downstream. 

The introduced predators. Red Fox and House 
Cat, are widespread throughout the region, including 
in farmland areas. Feral House Cats are seldom seen 
in the large vegetation blocks, but research at Hattah- 
Kulkyne National Park found that the density of cats 
ranged from 0.74 per km 2 in winter to 2.4 per km 2 in 
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summer (Jones & Coman 1982). Foxes are observed 
more frequently, especially along roads and tracks or 
the edges of native vegetation near farmland. They 
are less frequently sighted within the large blocks of 
mallee vegetation but footprints and scats arc regu¬ 
larly seen along tracks and roads, suggesting they arc 
relatively common. Feral Dogs may also be wide¬ 
spread in public land in the region, particularly in the 
Big Desert (Menkhorst 19950 but arc seldom 
sighted. The taxonomic status of these animals, 
whether they arc feral Dogs or hybrids with Dingoes, 
is not known. Certainly, Dingoes were common in the 
region historically and early settlers persecuted them 
intensely by poisoning (Beilby 1849; Kenyon 1982). 
Robinson (1982) reported that a population of dogs 
has been present in the adjacent Ninety Mile Desert 
in South Australia for many years and noted that the 
local ‘dogger’ believed them to be Dingoes. 

Analysis of predator scats collected in the 
Malice region in 1985 and 1986 (L. Lumsden, un¬ 
published), revealed that predators (mostly Red Fox 
and Dog/Dingo) were eating a wide range of mam¬ 
mals, birds, reptiles, invertebrates and plant mate¬ 
rial. Some 86% of the 742 scats collected contained 
evidence of mammalian prey, about 15% of birds, 
10% reptiles (although this may underestimate the 
number taken as most scats were collected in winter 
when reptiles were largely inactive), and 26% in¬ 
cluded remains of invertebrates. Remains of kanga¬ 
roos (42%) followed by European Rabbit (20%) and 
Short-beaked Echidna (14%) were the most com¬ 
mon mammalian prey in scats attributed to feral 
Dogs. In scats of Red Foxes, remains of European 
Rabbit (29%) and kangaroos (26%) were the most 
frequent. Jones and Coman (1981) found that mam¬ 
mals comprised 87% by weight of all foods in stom¬ 
achs of feral House Cats collected in the Victorian 
malice, and most of this (74%) was of European 
Rabbits. The proportions of introduced mammals in 
the diet will vary depending on where predators for¬ 
age: near reserve boundaries and in farmland, intro¬ 
duced species such as European Rabbits, Sheep and 
Brown Hare will be more common. 

Feral Goats are widespread throughout public 
land of the region, especially in the Sunset Country. 
Small herds occur through most vegetation types, 
but depend on water in dams, tanks, lakes or stock 
troughs, especially during summer. Sandy dune 
crests are favoured for nocturnal camps, and selec¬ 
tive browsing damage to shrubs can be severe in 
such areas (Cheal 2005). Sheep are present in large 
numbers on farms but feral individuals are rare, 


mainly escapees from farms. Flocks of sheep are 
also grazed in native vegetation on leasehold land 
and private land with remnant vegetation. The Land 
Conservation Council land-use recommendations 
for the Malice region included the progressive phas¬ 
ing out of grazing on public land (LCC 1989). Feral 
Pigs occur mainly along the Murray River and its 
adjacent floodplains and lake systems where they 
cause considerable damage to vegetation and fauna 
habitat by systematically turning over the soil over 
large areas while foraging. 

European Rabbits are a widespread and abundant 
pest species, most abundant along edges (e.g. road¬ 
sides, vegetation boundaries), or in open vegetation 
on heavier soils such as degraded Casuarina and Cal- 
litris woodlands, grasslands, chenopod shrublands or 
open grassy mallee. They are uncommon in extensive 
malice or heathland and, where present, use edges of 
tracks, small clearings or other sites with grassy veg¬ 
etation. The abundance of European Rabbits fluctu¬ 
ates, depending upon seasonal climatic conditions 
and the availability of grasses, intensity of control 
measures, and the effect of disease and epidemics 
(e.g. myxomatosis. Rabbit Haemorrhagic Disease). 

The Brown Hare also is a widespread introduced 
species. It occurs in open vegetation, especially 
grassy farmland and cropland, and may shelter in 
malice vegetation along or close to farm boundaries. 
Brown I lares usually are noted as single individuals 
or pairs of animals. 


ARE THERE ENDEMIC MALLEE SPECIES? 

Two questions can be posed with regard to the en- 
dcmicity of mammals: 

1. Arc any mammal species endemic to the 
‘Malice region’ of Victoria (and the contiguous 
tracts in South Australia and New South Wales)? 

2. Are any mammal species endemic to ‘mallee 
vegetation’ per sel 

No native mammals occur only in the Mallee re¬ 
gion of Victoria, or have their geographic distribu¬ 
tion entirely limited to the contiguous block of 
malice in south-eastern Australia. The distributions 
of many species overlap extensively with other re¬ 
gions and vegetation types (Menkhorst & Bennett 
1990; Menkhorst 1995b; Strahan 1995). The most 
geographically restricted and specialised taxa is the 
Silky Mouse which is restricted to mallee-heath and 
heathland vegetation in south-eastern Australia. 
However, it is not confined to the Mallee region, but 
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in Victoria also occurs in the Little Desert and the 
southern parts of the Wimmera bioregion 
(Menkhorst 1995g). 

The mammal fauna of the Mallee region of Victo¬ 
ria has close affinities with that of comparable semi- 
arid regions dominated by mallee vegetation in South 
Australia (e.g. the Murray Malice, Eyre Peninsula) and 
Western Australia (e.g. Goldfields region, Wheatbelt 
region). These regions share a suite of species that for¬ 
merly occurred across much of semi-arid southern 
Australia, such as Brush-tailed Bettong, Western 
Quoll, Red-tailed Phascogale, Western Barred Bandi¬ 
coot, Pig-footed Bandicoot and Greater Stick-nest Rat 
(Kitchener et al. 1980; Boscacci ct al. 1987). They also 
have a similar bat fauna, with common species includ¬ 
ing Goulds Wattled Bat, Lesser Long-eared Bat, In¬ 
land Forest Bat, White-striped Freetail Bat and Inland 
Broad-nosed Bat. However, taxonomic differentiation 
occurs with small terrestrial mammals, particularly 
speciation in the genera Pseudomys and Sminthopsis 
for which there appear to be vicarious sets of species. 
Thus, in the east the Silky Mouse and Common Dun- 
nart occur while in the west complementary species 
occupy comparable habitats, the Ash-grey Mouse 
Pseudomys albocinereus , and Little Long-tailed Dun- 
nart Sminthopsis dolichura and White-tailed Dunnart 
Sminthopsis granulipes, respectively (Menkhorst & 
Bennett 1990; Menkhorst & Knight 2004). 

The level of endemicity of mammals to malice 
vegetation per se was considered by Menkhorst and 
Bennett (1990) in a review of the vertebrate fauna of 
mallee vegetation of southern Australia. They collated 
the vertebrate faunas from 13 localities in mallee- 
dominated vegetation. Their main conclusions are 
summarised as follows. First, eucalypts with a 
‘mallee’ growth form dominate a wide range of vege¬ 
tation communities, such that ‘mallee vegetation’ can 
not be considered to be a uniform habitat for fauna. 
Three broad categories of mallee-dominatcd vegeta¬ 
tion include: a) malice eucalypts with sclerophyllous 
heathy understorey, generally on deep sands; b) mallee 
eucalypts over an understorey dominated by hum¬ 
mock grass Triodia , mainly on dune systems; and c) 
mallee eucalypts over an understorey of plants from 
the Chenopodiacea and Zygophyllacea, on heavier 
soils of swales or plains. Although all have mallee cu- 
calypts in the overstorey, they differ greatly in floristic 
composition and structure, and in the resources (food, 
shelter, refuge) they offer to mammals. 

Second, the mammal fauna in a particular geo¬ 
graphic area is characterised by a diverse (and often 
distinctive) assemblage of species, most of which 


also occur in adjacent woodland, heathland, shrub- 
land or hummock grassland vegetation types (i.e. 
non-mallee vegetation). Third, few vertebrate taxa 
are specialised to mallee vegetation. Some may be 
specialised to components of mallee vegetation, 
such as Triodia hummocks or dense heathland, and 
occur in other vegetation formations where that 
component is present and mallee eucalypts are ab¬ 
sent (e.g. Silky Mouse and heathland vegetation). 
The species most specialised to malice vegetation in 
Victoria are the Malice Ningaui, Little Pygmy Pos¬ 
sum and Mitchell’s Hopping Mouse. Of these, the 
Mallee Ningaui is most closely associated with 
malice vegetation; the latter two species are also as¬ 
sociated with shrubby heath vegetation where 
mallee eucalypts are sparse or absent. 

FUTURE OF THE MAMMAL FAUNA 

Great changes have occurred to the fauna of the 
Mallee region over the past 160 years, the most 
prominent being the regional extinction of more than 
25% of the historical fauna, the establishment of wild 
populations of exotic mammals that are significant 
predators (Red Fox, House Cat) and competitors (Eu¬ 
ropean Rabbit, Goat, Flare, House Mouse) of the na¬ 
tive fauna, and the introduction of vast numbers of 
domestic mammals whose husbandry requires de¬ 
struction of native vegetation. What does the future 
hold for the next 50 or 200 years? Ultimately, the fu¬ 
ture depends on human land use, the choices that the 
Australian community makes, and the extent to which 
an appreciation of the plight of the native fauna influ¬ 
ences those choices. 


Opportunities for new discoveries 

Many advances have occurred in the knowledge of 
the mammal fauna of the Malice region in the 40 
years since Wakefield’s (1966b) review. Of the 48 na¬ 
tive species listed here (Table I), Wakefield recorded 
32 taxa. The additional species recorded since then 
are due to taxonomic revision (e.g. in the genera Ves- 
padelus, Mormopterus, Macropus), descriptions of 
new species (e.g. Mallee Ningaui, Gilc’s Planigale), 
discoveries of new species for the region (e.g. Little 
Pygmy Possum, Feathertail Glider, Black Wallaby, 
Yellow-bellied Sheathtail Bat, Gould’s Long-cared 
Bat) and the occurrence of probable vagrants or 
irregular visitors (e.g. Spot-tailed Quoll, Little Red 
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Flying-fox). Further discoveries will undoubtedly be 
made, and many opportunities exist to increase eco¬ 
logical understanding. 

Opportunities for new discoveries lie in two 
main areas. Further survey work may result in 
records of new species not previously known, or re¬ 
discovery of species thought to have disappeared 
from the region. We suggest that the following 
species arc the ones most likely to be discovered as 
new records for the Mallee region: 

1. Large-footed Myotis Myolis macropus: this 
species occurs in close association with streams 
and rivers, where it forages for aquatic insects 
above and from the water surface. It has been 
recorded along the Murray River as far down¬ 
stream as Echuca, and also further downstream 
in South Australia at Nildottie (Lumsden and 
Bennett 1995 ), and is likely to be recorded in the 
Victorian Malice region in the future. 

2. Little Pied Bat Chalinolobus picatus: is known 
from semi-arid New South Wales close to the 
Murray River. 

3. Euro Macropus robustus erubescens: occurs in 
southwestern New South Wales and has been 
observed directly adjacent to the Murray River 
(Simpson 1973). 

The most likely candidates for re-discovery in 
the Malice Region are the Yellow-footed Antechinus 
and Bolam’s Mouse. Fauna surveys in River Red 
Gum forests along the Murray River, particularly 
between Murrabit and Robinvale, may find local 
populations of the Yellow-footed Antechinus. Like¬ 
wise, careful checking of small mouse-sized rodents 
captured in surveys in the far north-west of the re¬ 
gion (Mildura to SA border) may result in the redis¬ 
covery of Bolam's Mouse in this State. 

New discoveries may also arise from taxonomic 
revisions of current species. We suggest the species 
for which change is most likely include the following. 

1. Common Dunnart. Taxonomic revision of spec¬ 
imens formerly ascribed to the Sminthopsis mu- 
rina species complex has resulted in a number 
of new species, particularly in Western Australia 
(Kitchener et al. 1984). There still remains wide 
variation in the environmental domain occupied 
by this taxon in eastern Australia, from coastal 
heathland and open forest in mesic environ¬ 
ments to dry woodland and semi-arid malice 
shrubland (Fox 1995). It is possible that the cur¬ 
rent taxon represents several distinct forms. 

2. Little Pygmy Possum. This species occurs in a 
‘confusing range of habitats’ (Menkhorst & 


Knight 2004), including mallee shrubland and 
heathland in Victoria and South Australia, dry 
forests on Kangaroo Island, South Australia, and 
both dry and wet forests in Tasmania. The dis¬ 
junct distribution and wide variety of vegetation 
types occupied, suggest that some taxonomic 
separation may have occurred. 

Threatened species 

The conservation status of each mammal species 
recorded for the Mallee region is listed in Table 1. 
Two extant species are listed as ‘threatened’ under 
the Flora and Fauna Guarantee Act 1988; the 
Greater Long-eared Bat and Gile’s Planigale (the 
Spot-tailed Quoll is also listed but its status in the 
region is uncertain). In addition, the Common Dun¬ 
nart has been classified as Vulnerable (DSE 2003). 
A further seven species are classified as ‘near 
threatened’ (Table 1). The Malice region is critical to 
the long-term, state-level conservation of the Mallee 
Ningaui, Gile’s Planigale, Little Pygmy Possum, 
Red Kangaroo, Greater Long-eared Bat and 
Mitchell’s Hopping Mouse. 

The future status of these threatened species 
over the next century depends on the protection of a 
sufficient extent of native vegetation to maintain vi¬ 
able populations, sympathetic management to en¬ 
sure that suitable serai stages of vegetation (and 
associated food, shelter and breeding resources) are 
available by the application of appropriate fire 
regimes, and the control of biological factors (i.e. 
predators, competitors, parasites) that may threaten 
species. The regional persistence of species which 
may not be listed as threatened at the state or na¬ 
tional level, but which arc scarce in the Mallee re¬ 
gion, is also a challenge for the future. For example, 
the future status of the Platypus and Feathertail 
Glider in the Mallee region depends upon manage¬ 
ment of the Murray River system and associated ri¬ 
parian vegetation. 

Important areas for the long-term conservation of 
the mammal fauna 

The objective here is not to identify key sites for 
conservation, as this has been done by the Land 
Conservation Council (1989), but to highlight sev¬ 
eral geographic areas likely to be strategically im¬ 
portant for long-term conservation. 
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I. Major vegetation blocks of the dunefields. The 
large contiguous blocks of vegetation of the Big 
Desert and Sunset Country and associated out¬ 
lying blocks (e.g. Annuello Flora and Fauna Re¬ 
serve (FFR), Bronzewing FFR, Wathe FFR), are 
critical to the long-term conservation of the 
mammal fauna because of their size and repre¬ 
sentation of vegetation types. In particular, size 
is important for: 

• the capacity to maintain large self-sustain¬ 
ing populations of species. The low popula¬ 
tion density and patchy occurrence of 
species such as Mitchell’s flopping Mouse, 
Common Dunnart, Malice Ningaui and Lit¬ 
tle Pygmy Possum, mean that viable popula¬ 
tions for long-term conservation require 
large tracts of suitable habitat. 

• providing a diversity of vegetation types. 
Large tracts are more likely to maintain a 
range of vegetation types and age-classes to 
provide habitat for different species. For 
patchily distributed vegetation (e.g. Pine-Bu- 
loke woodland), a large tract such as the Sun¬ 
set Country is able to support multiple patches 
of habitat within a matrix of native vegetation. 

• maintaining internal sources for recolonisa¬ 
tion after disturbance. Fire is the major dis¬ 
turbance process affecting vegetation of the 
dunefields. Very large fires occur and there is 
the potential for small reserves to be entirely 
burned. If this occurs, species associated with 
particular post-fire serai stages may find it 
difficult or impossible to recolonise from 
other locations. Large tracts such as the Big 
Desert or Sunset Country are of sufficient 
size to support a range of post-fire age 
classes so that source populations remain 
from which suitable age-classes of vegetation 
can be recolonised as they become available. 

2. The Murray River corridor. The Murray River 
and its associated riparian and floodplain vege¬ 
tation is a key element in the long-term conser¬ 
vation of a suite of mammal species in the 
region. We highlight lltrce aspects. 

• It is the primary aquatic habitat on which the 
persistence of the Water Rat and Platypus 
depend. 

• Riparian woodlands arc important habitat 
for many terrestrial species, especially those 
that need access to water or use tree hollows 
as den or roost sites (e.g. Common Brushtail 
Possum, Feathcrtail Glider, Gould’s Wattled 


Bat, Southern Freetail Bat). The capture rate 
for bats is much greater in riparian vegeta¬ 
tion than in mallee shrubland (Table 4) 
(Lumsden & Bennett 1995), probably be¬ 
cause the riparian environment is a source of 
water, tree cavities as roost sites, a more 
complex foraging environment, and has 
greater productivity of invertebrates as food. 

• It serves as a biogeographic corridor of 
riverine vegetation that extends from mesic 
eastern Victoria into the semi-arid Mallee re¬ 
gion, and in doing so assists species charac¬ 
teristic of moistcr environments to expand 
their geographic range into the otherwise-in¬ 
hospitable semi-arid region. The Feathertail 
Glider is a good example (Fig. 3). It is widely 
distributed in forests and woodlands across 
temperate southern Victoria where mean an¬ 
nual rainfall exceeds 500 mm, but in the 
north and north-west of the State where rain¬ 
fall is less than 500 mm it occurs only along 
the Murray River corridor. Other species that 
also appear to extend their geographic range 
along the Murray River are the Yellow-footed 
Antechinus, Eastern Grey Kangaroo, Gould’s 
Long-eared Bat and Eastern Freetail Bat. 

3. Copi plains and alluvial plains of the far north¬ 
west. In the far north-west, a continuous block 
of native vegetation extends from south to north, 
adjacent to the South Australian border, from the 
dunefields of the Sunset Country to the Murray 
River (Fig. I). Vegetation types included here 
are open woodlands dominated by mallee euca- 
lypts or Cattlebush (Copi plains), and chenopod 
shrublands on the alluvial plains and rises 
adjacent to the Murray River. This tract of native 
vegetation has several notable values: 

• it comprises important habitat for the Red 
Kangaroo, Fat-tailed Dunnart, Gile's Plani- 
gale (alluvial shrublands) and several 
species of bats (Inland Freetail Bat, Inland 
Forest Bat); 

• it provides continuity of native vegetation be¬ 
tween the major blocks of mallee vegetation 
in south-eastern Australia, linking the mallee 
tracts of the Sunset Country with the Murray 
River and extensive mallee in South Australia 
north of the Murray River, including the 
Bookmark Biosphere Reserve system. 
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Fig. 3. Distribution of the Feathertail Glider in Victoria. Note the widespread distribution in southern Victoria where 
mean annual rainfall exceeds 500 mm, and the extension of its geographic range into the semi-arid north-west area along 
the Murray River corridor. 


Reintroduction of mammal species 

Programs to reintroduce mammal species to loca¬ 
tions within their former geographic range are active 
in several states, notably Western Australia and 
South Australia (Copley 1994: Mawson 2004), but 
in Victoria no attempt has yet been made to reintro¬ 
duce mammal species to the Mallee region (other 
than the Koala that was introduced into an area out¬ 
side its known range). Many species subject to rein¬ 
troductions in other states arc from the semi-arid 
and arid zone, including the Brush-tailed Bettong, 
Greater Stick-nest Rat, Bilby, Numbat Myrmecobius 
fasciatus. Burrowing Bettong, Western Barred 
Bandicoot and Bridled Nailtail Wallaby, and a num¬ 
ber of these formerly occurred in the Malice region. 

Reintroduction of such species into the Mallee 
region in Victoria, as part of a carefully planned and 
managed program, offers a number of potential 
benefits. 


1. It would contribute to enhancing the conserva¬ 
tion status of these species by creating addi¬ 
tional populations, increasing overall population 
numbers, increasing the geographic distribution 
of extant populations, and thus decreasing the 
risk of potential species’ extinction. 

2. There may be ecological benefits associated 
with re-establishing the role of these species in 
ecosystem processes. For example, soil excava¬ 
tion associated with foraging diggings of bet- 
tongs and bandicoots influences the spatial 
heterogeneity of soil nutrients (Garkaklis et al. 
2003); and Noble (1997) suggested that brows¬ 
ing by ‘meso-marsupials’ such as the Bridled 
Nailtail Wallaby or Burrowing Bettong, may 
have been an important biocontrol agent that 
regulated shrub density in arid environments. 

3. There may be benefits for nature tourism and 
the aesthetic experience of mallee ecosystems 
by humans. Historical reports suggest that at 
least some of these species were numerous and 
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visible in the region at the time of settlement 

(Morton 1861; KrcfTt 1866). 

However, experience with reintroduction pro¬ 
grams for medium-sized marsupials and rodents 
clearly identifies the control of introduced predators 
(Red Fox, House Cat) as a major management issue. 

Addressing knowledge gaps 

An essential ingredient for informed conservation is 
knowledge of the requirements of the species of 
concern, and the factors that determine their distri¬ 
bution and abundance. Ecological studies have been 
undertaken on a number of mammal species typical 
of the Malice region, including the Western Grey 
Kangaroo (c.g. Coulson 1993 a, b). Western Pygmy 
Possum (Ward 1990), Little Pygmy Possum (Ward 
1992), Mallee Ningaui (Bos and Carthew 2001; Bos 
et al. 2002) and Silky Mouse (Cockburn 1991 a, b). 
Others have received little or no attention, and 
clearly warrant detailed investigation. Mitchell's 
Hopping Mouse, for example, was the first species 
of this genus ( Notomys) to be described, the type 
specimen was collected in north-west Victoria in 
1836 by Major Mitchell, and it occurs widely across 
southern Australia from Victoria to Western Aus¬ 
tralia, but knowledge of its ecology is fragmentary. 
There are no published studies documenting de¬ 
tailed investigations of population demography, 
habitat use, or social organisation. 

Of equal importance is the need for an under¬ 
standing of the processes that influence the distribu¬ 
tion and abundance of species and the structure of 
mammal communities. These include the influence 
on species’ distributions of natural environmental 
variation due to topography, soils and vegetation; as 
well as disturbance processes such as stock grazing, 
invasion of exotic plants, hydrological changes to 
the Murray River system, and the elfccts of fire, t he 
latter is of particular importance because fire 
regimes, including both wildfires and planned 
burns, are a major force shaping the structure of 
present vegetation patterns in the region. There is a 
need for greater understanding of the way in which 
spatial and temporal changes in fire mosaics affect 
the status of mammal populations, so that fire can be 
more effectively used as a tool for ecological and 
conservation management. 
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ADDENDUM 

Two additional species of mammals have been recorded in the Mallee region since this review was com¬ 
pleted. A fauna survey in Nov-Dec 2006 on Macredie Island, approximately 50 km NNW of Swan Hill, 
recorded the Sugar Glider Petaurus breviceps and Large Forest Bat Vespadelus darlingtoni in floodplain for¬ 
est dominated by River Red Gum (Lumsden ct al. 2007). The species characteristically occur in moist forests 
of southern Victoria and, like the Feathertail Glider (see Fig. 3), extend into the Mallee region along the Mur¬ 
ray River corridor. 

Lumsden, L„ Brown, G., Cheers, G. & Palmer, C., 2007. Floodplain fauna surveys - Macredie Island and 
Burra Forest. A report to the Mallee Catchment Management Authority. Arthur Rylah Institute for 
Environmental Research, Dept Sustainability and Environment, Victoria. 
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The Victorian Malice, despite limited systematic inventory, contains a diverse and abundant inver¬ 
tebrate fauna. While invertebrates arc essential for ecosystem functioning within the Mallee, social in¬ 
sects stand out as playing important roles in driving some of these functions. More importantly, these 
social insects interact with two key botanical elements in the Mallee: cuealypts and hummock grasses. 
Ants are involved with seed dispersal and movement of nutrients from the canopy to the ground level, 
native bees are essential pollinators, and termites are involved in nutrient cycling through decomposition 
of timber. While Mallee habitats occur through much of southern Australia, the Victorian Mallee appears 
to be different in processes such as decomposition because of differences in groups such as termites. 

Key words: Malice, cuealypts, hummock grasses, bees, ants, termites 


Mallee cuealypts and hummock grasses are a domi¬ 
nant feature of the sand plains of the Victorian 
Mallee. These sand plains represent the drier and 
more nutrient poor elements of the Mallee land¬ 
scape. They arc characterised by dunes and even at 
this landscape level, there are differences in soil type 
between ridges and gullies (swales). 

As in all terrestrial ecosystems, the fauna is 
dominated by invertebrates in terms of numbers of 
species and individuals. Invertebrates, primarily in¬ 
sects and arachnids, utilize all components of the 
sand plains. Despite the ubiquitous nature of the in¬ 
vertebrate fauna, our knowledge of the invertebrates 
in the Victorian Mallee is still fragmented. 

Invertebrates are associated with key ecosystem 
services: pollination, decomposition, predation, 
habitat health, energy transfer, soil perturbation and 
seed harvesting, just to name some of the major 
functions. In this paper we examine the interactions 
between five elements in the Victorian Mallee dune 
fields: malice cuealypts. hummock grasses, and 
three groups of social insects: ants, bees and ter¬ 
mites. While not disregarding roles of other inverte¬ 
brates, this paper highlights the roles of three groups 
of social insects. In terms of ecological functioning, 
one group, the ants, has been studied, while the other 
two groups, bees and termites, have not. Examina¬ 


tion of the roles of social insects in the ecology of 
the sandier systems dominated by mallee eucalypts 
and hummock grasses will highlight important eco¬ 
logical processes: pollination (bees), decomposition 
and timber hollowing (termites), foraging/preda¬ 
tion/seed harvesting (ants) and soil formation (ter¬ 
mites and ants). Ants are also an important link 
between arboreal habitats (hence the sap sucking 
bugs, nectar) and the soil/littcr and ground layers. 
This will provide us with a better understanding of 
ecological processes within these systems. 

BACKGROUND INFORMATION ON 
VICTORIAN MALLEE INVERTEBRATES 

For many years, information on the Victorian Mallee 
invertebrates was the domain of naturalists associated 
with wasps (Anonymous 1925; Chandler 1925a,b, 

1926), spiders (Barrett 1938), butterflies (Braby 1987; 
Crosby 1972, 1974a,b, 1975, 1976; D. Goudie 
1902a,b, 1903, 1904: McCubbin 1973; Quick 1972, 
1973, 1974), molluscs (Browne 1989), dragonflies 
(Garrett 1984), beetles (J. Goudie 1909, 1910, 1911, 
1912, 1914, 1915, 1919, 1920, 1923, 1924a,b, 
I925a,b, 1927a,b, 19301930a,b; Lea 1905; Wilson 
1931, 1936), ants (Goudie 1913), and others (Faithfull 
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1988a-d; J. Goudie 1902; Oke 1926). Two groups of 
insects have had specimen records put on to databases 
and include Victorian Malice records; these groups are 
bupreslid beetles (Bums & Burns 1992) and butter¬ 
flies (MV Bioinformatics, http://www.museum.vic. 
gov.au/bioinformatics/). The Museum Victoria ento¬ 
mology collection has approximately 290 type speci¬ 
mens from the Victorian Mallee. 

It was not until 1985 that an attempt was made 
to undertake an inventory of Malice invertebrates as 
part of the Land Conservation Council (LCC) of 
Victoria Mallee Study in which ground-active 
macro-invertebrates were surveyed using drift fence 
pitfall traps (Robertson ct al. 1989). This survey in¬ 
cluded the northern Big Desert, the Sunset Country, 
the scroll belt and the River Red Gum forests of the 
Murray River. Previous to the LCC study, there had 
been some invertebrate studies in localized areas in¬ 
volving ants (Andersen 1982, 1983, 1984, 1988; An¬ 
dersen & Yen 1992), arboreal invertebrates of 
Mallee cucalypts (Yen 1989) and ground active bee¬ 
tles (Yen, unpublished data). These later studies 
went beyond inventories because they attempted to 
assess the invertebrates in the context of the ecology 
of the Victorian Mallee and also ecological 
processes such as fire (Andersen & Yen 1985). 

Information about invertebrates in Mallee sys¬ 
tems across Australia is patchy. Invertebrate research 
has primarily been associated with Mallee in Victoria, 
southern New South Wales, South Australia, and 
Western Australia. The studies in these different parts 
of Australia differ in their emphases; the Western 
Australian work was associated with ants and ter¬ 
mites of remnant malice in the whcatbelt region 
(Abensperg-Traun 1988, 1991, 1992a,b, 1993. 1994, 
1995, 1998, 2000, Abensperg-Traun & De Boer 
1990, 1992; Abensperg-Traun & Perry 1998; Abens- 
berg-Traun et al. 1996, 1997), the South Australian 
work was primarily ant ecology (Greenslade & 
Grcenslade 1989; Greenslade & llalliday 1982, 
1983), the New South Wales work concentrated on 
decomposition by termites and mites, ground active 
beetles, and ant ecology (Bricse 1982a, b; Briesc & 
Macauley 1977, 1980, 1981; Noble et al. 1990; 
Schlcsinger et al. 1997; Whitford et al. 1992), while 
the Victorian work has involved the surv ey of all ter¬ 
restrial groups with emphasis on ants and arboreal in¬ 
sects (Andersen 1982. 1983; Robertson et al. 1989; 
Yen 1987, 1989). Differences between these regions 
arc important, and while comparisons will be made 
when appropriate, it has to be appreciated that these 
different parts of Australia are subject to different 


evolutionary histories, different climatic conditions, 
and different land use histories (both pre- and post- 
European settlement). 

INVERTEBRATES ASSOCIATED WITH 
MALLEE EUCALYPTS AND 
HUMMOCK GRASS 

The dunefield Mallee of Victoria is dominated by 
several species of eucalypts and hummock grasses, 
predominantly Triodia irritans). Both eucalypts and 
hummock grasses can be long-lived, with mallee eu¬ 
calypts regenerating from their lignotubers (roots). 
Consequently, long-lived plants need successful 
strategics to avoid destruction by insects. Therefore 
their existence is a measure of their success in fend¬ 
ing off, avoiding or redirecting damage from leaf, 
timber, and root feeding insects. 

The low vertical structure of both these plant 
groups amplifies key ecological interactions be¬ 
tween these plants and insects. Both groups of plants 
experience insect herbivory (which is a major 
process for eucalypt leaves, timber and roots), al¬ 
though live hummock grass has very low amounts of 
herbivory. Eucalypt flowers are pollinated by many 
different groups of insects. The dead leaf and wood 
is subject to decomposition. 

Ecological interactions are not restricted to in¬ 
sect-plant relationships. Erosion, geochemical 
process and Aeolian formations are all affected by so¬ 
cial insects. Sub-soil to surface and galleries on tree 
trunks provide small particles for these processes. Ex¬ 
tensive tunneling provides the scope for much greater 
water infiltration and easier root growth. It also pro¬ 
vides a means of re-distributing nutrients to the sub¬ 
soil layers, which although small in scale, may be 
significant in a nutrient poor environment. 

Malice eucalypts 

In a study of overstorey invertebrates of mature and 
coppice plants of three species of malice (Eucalyp¬ 
tus dumosa , E. foecunda and E. incrassata). Yen 
(1989) found that the fauna was dominated by ants 
(43-49% on mature; 55-68% on coppice), spiders 
(10-18% mature; 5-6% coppice), bugs (5-6.5% ma¬ 
ture, 12-18% coppice), beetles (15-22% mature, 3- 
5% coppice). In another study, canopy sampling of 
mallee eucalypts found that 44 ant species repre¬ 
sented 43-69% of invertebrates (abundance) 
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(Andersen & Yen 1992). The ant fauna was domi¬ 
nated by ground-nesting species (Iridomyrmex, 
Gamponotus , Monomorium and Crematogaster 
species). There were few tree nesting species 
(Podomyrma adelaidae and Myrmecorhynchus sp. 
nr emeryi). Ground-nesting ant species forage in the 
canopy and the close proximity of tiie canopy to the 
ground allows the exceptionally rich ground ant 
fauna (Andersen 1983) to utilize the canopy. 

Seed harvesting is an important ecological 
process. In some cases, the seed is collected and the 
seed itself is eaten and consequently destroyed. 
However a large number of Australian plants have 
small fat bodies, called elaiosomes (Berg 1975), at¬ 
tached to the seed, and when the seed is harvested, 
the elaiosome is eaten and the seed is either aban¬ 
doned or stored. This results in dispersal of the seed 
away from its parent plant to reduce competition. 
Ants are a major harvester of plant seeds in the 
Malice, and they remove a wide variety of seeds, but 
display considerable seed-species selectivity. There 
are generalist seed harvesters ( Pheidole sp. I), euca- 
lypt seed specialists ( Chelaner sp. 3) and elaiosome 
collectors (Iridomyrmex sp. 9) (Andersen 1982). 
Pheidole sp. I and Clwlaner sp. 3 do not maintain 
extensive seed granaries, probably because eucalypt 
seeds are abundant throughout the year. 
Iridomyrmex sp. 9 stored seeds of plants such as 
Acacia (Andersen 1982). Many of these ants tend 
the sap-sucking Hcmiptera on mallee eucalypts 
(such as psyllids and eurymelids) to collect their 
sugary secretions. These ants are probably responsi¬ 
ble for a considerable movement of nutrients from 
the canopy to the ground. 

Hummock grasses 

The dense sharp and hard spines at the apex of hum¬ 
mock grasses gives them a formidable defence for 
larger herbivores. Jacobs (1992) thought that ants 
harvested and dispersed Triodia seeds, although 
Westoby et al. (1988) agreed that the ants may har¬ 
vest the seeds but destroyed them and doubted dis¬ 
persal. Yet few chewing animals (cither vertebrate or 
invertebrate) feed on hummock grasses, but many 
species (both vertebrate and invertebrate) utilize it 
for shelter. 

In a direct searching study of Triodia tussocks, 
Ludeke (1989) found 75 species of invertebrates in¬ 
cluding ants, spiders, beetles (mainly weevils and 
carabids), Psocoptera (booklice), Thysanura (silver- 


fish), snails, scorpions, some termites and one 
species of earthworm. In terms of abundance, ants 
dominated the fauna (64-93/m 2 ), then spiders (51- 
98/m 2 ), followed by beetles (6-34/m 2 ). When the in¬ 
vertebrates were allotted into trophic groups, 50% 
were carnivores, 16% herbivores, 16% omnivores, 
and 18% detritivores. The highest total invertebrate 
densities wus found in dead Triodia foliage, then in 
the sand beneath live foliage, followed by live fo¬ 
liage and lowest numbers were found in sand be¬ 
neath dead foliage (Ludeke 1989). 

In a study of termites in a mallee spinifex sys¬ 
tem located north of the Victorian Mallee in New 
South Wales, Whitford et al. (1992) found no evi¬ 
dence of subterranean termites feeding on dung or 
dead stems of Triodia iritans , but the dead stems of 
malice eucalypts were galleried and etched by ter¬ 
mites with an average of 137.5 sub-surface termite 
storage galleries per square metre. Termites were 
considered important in the production of macrop¬ 
ores (Whitford et al. 1992). 

THE SOCIAL INSECTS 

Three groups of social insects play significant eco¬ 
logical roles in the Victorian Mallee including inter¬ 
actions with two key floral elements: eucalypt trees 
and hummock grasses. Does sociality benefit in¬ 
sects in an arid environment with unpredictable rain¬ 
fall that ultimately leads to unpredictable resources? 

Social insects, by subsuming individual repro¬ 
ductive drive to the colony entity arc able to behave 
as if a much larger organism. A colony of subter¬ 
ranean mallee termites has the biomass of a rat or 
large possum but the ability to operate simultane¬ 
ously over a volume of scores of cubic metres. Pri¬ 
marily. this enables the insects to fully exploit tiny, 
widely dispersed resource patches in an otherwise 
overwhelmingly hostile environment. In the case of 
termites, these sought after patches are primarily 
points of adequate moisture, suitable food and liv¬ 
able microclimate. 

The ultimate influences of social insects arc 
very closely aligned to the habitats. Most ants and 
termites in the Victorian Malice are subterranean in 
their nesting behaviour, and their effects arc physi¬ 
cal (burrows), chemical (nutrient movement and 
storage). Ants and termites affect soil processes by 
increasing soil porosity and infiltration, depositing 
subsoil on the surface, and altering the spatial distri¬ 
bution and concentration of soil nutrients. 
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Ants 

The Malice environment is characterized by an ex¬ 
tremely high number of ant species occurring within 
a small geographical location. In a study of ants in a 
50 m x 50 m plot over 12 months, Andersen (1983) 
recorded nearly 150 morphospecies of ants. Yen et 
al. (2005) ran pitfall traps for three nights at 35 sites 
within an area approximately 2 km x 1 km at 
Nowingi and collected 112 ant morphospecies. 

The reason for this high number of ant species is 
that the mallee eucalypt habitat may be “ideal” habitat 
(Grccnsladc 1979, Andersen 1983, Abensperg-Traun 
1992). In a comparison of different vegetation types in 
the Western Australian wheatbelt, Abensperg-Traun 
(1992) found the highest biomass of ants in malice 
vegetation. The mallee eucalypt environment is 
thought to favour ants because even though the trees 
are low growing, they still provide a buffer from ex¬ 
treme weather conditions. Furthermore the eucalypts 
provide resources for other invertebrates in the form of 
seeds, sap, nectar, leaf litter and woody debris, as well 
as acting as a host plant for honey-dew producing sap¬ 
sucking insects. Mallee eucalypts, interspersed with 
large patches of bare ground, provide shelter, nesting 
sites and optimal foraging sites for ants (Greenslade 
1979; Andersen 1983, Abensperg-Traun 1992). 

Ants are territorial and often display inter- and 
intraspccific aggression. The reason why so many 
ant species can coexist within a small area is that 
they share resources temporally and spatially to 
minimize aggressive interactions. Different ant 
species utilise different foods (some hunt and eat 
other invertebrates, some eat seeds, others collect 
nectar and honeydew), they can forage at different 
times (both during the day and in different times of 
the year) and they will forage in different microhab¬ 
itats (Andersen 1983, 1984). The range of different 
ecological functions structure ant species into differ¬ 
ent functional groups, and these can sometimes be 
used to assess the level of disturbance within the ant 
communities (Andersen 1984). 

Some ant species are aggressive predators and 
will kill other invertebrates, and also injured verte¬ 
brates. They are very effective foragers of ecological 
debris bits of plants or animal that fall to the 
ground, and will feed upon dead vertebrates. Other 
sources of food include honeydew (from sap-suck¬ 
ing insects) and nectar, and some plant seeds. 

While foraging by ants has an obvious effect on 
the behaviour of many other invertebrates, it has a 
more subtle ecosystem effect in that the ants are 


conduits for energy transfer between the subter¬ 
ranean, ground and plant strata. A large number of 
ants carrying organic matter during their foraging 
and result in considerable movement of nutrients be¬ 
tween these strata. 

It has been suggested that some species of ants 
influence the nutrient concentration of soils in the 
vicinity of their nests, and this can affect the species 
composition and biomass production of plants in 
this area. Glasshouse experiments with soil from 
Aphaenogaster longiceps nests and control soil 
found that although the former enhanced growth of 
seedling roots and shoots, it may not be a significant 
factor. However. Aphaenogaster longiceps has small 
nests, and nutrient-enrichment benefits may be as¬ 
sociated with large, long-lived, nest mounds (Ander¬ 
sen 1988). Ants may also modify soil properties and 
contribute to soil formation through their burrowing 
activities. Aphaenogaster barbigula is estimated to 
transport 33.6 kg /ha/yr of subsoil to the surface (El- 
dridge & Pickard 1994). In addition, this activity 
mediates water infiltration and storage in the soil. 

Ants are a food source for some invertebrates 
and many vertebrates such as lizards and frogs. 

Termites 

Mallee termites are poorly known in Australia, with 
research historically focusing on species identifica¬ 
tion, not ecological roles. Work in the Western Aus¬ 
tralian wheatbelt and in southern New South Wales 
has partly filled that gap. Abensperg-Traun has 
shown that the mallee fauna in WA is depauperate 
when compared with adjacent eucalypt woodlands 
(Abensburg-Traun 1998) and even fewer species are 
found in the Victorian mallee (Yen et al. 2005). Nev¬ 
ertheless, Whitford et al. (1992) report relatively 
high species number in Australian inland systems 
and the true relationship between termite diversity 
and vegetation structure remains to be identified 

While there is little quantitative data on the roles 
of termites in Australian mallee ecosystems, we can 
provide meaningful extrapolations that may assist in 
future research directions by reference to overseas 
studies in broadly similar climes. There is general 
consensus that on a global scale, termites are impor¬ 
tant processors of woody detritus and that their ac¬ 
tions have considerable effect on the direction and 
structure of their environments. Whitford (1986) ar¬ 
gued that in the Chihuahuan Desert of New Mexico, 
termites are keystone species for multiple reasons in 
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that they are responsible for considerably more de¬ 
composition than weathering and in that they are im¬ 
portant in trophic structures as food for other 
animals. Hart (1995), reporting on malice in north¬ 
ern New South Wales, showed that the fauna was 
important in the burying of litter. Removal of ter¬ 
mites from experimental plots in the Chihuahuan 
Desert resulted in a 42% decline in the amount of 
water infiltrating the soil (Elkins ct al. 19S6). In a 
similar experiment in West Texas (Spears et al. 
1975) where there was considerable production of 
leaf litter, an opposite effect was obtained as termite 
exclusion improved this mulch-assisted infiltration 
(Herrick ct al. 2002). In the malice, where leaf litter 
loads arc slight, it is likely that the Elkins et al. 
(1986) result is closer to the truth. 

Springett (1978) argued that the rate of reminer¬ 
alization of fallen timber in eucalypt forests is de¬ 
termined by insect activity and Abensperg-Traun 
(1991) recorded large seasonal variation in the ac¬ 
tivity of the various termites in Western Australian 
malice with favourable soil moisture the presumed 
limiting factor. These studies point to moisture, tem¬ 
perature and species specializations interacting to 
produce a dynamically complex detrital system. 

There is a balance between the needs of the ter¬ 
mites and the need of the trees. Barring major 
trauma, trees arc well capable of protecting neces¬ 
sary tissues from pests and diseases. The CODIT 
model (Shigo 1984) is particularly useful in ex¬ 
plaining how trees react to threats and it is clear that 
mechanisms such as this enable termites and trees to 
coexist with termites able to feed within cucalypts 
for extended periods without threatening the health 
of the tree (Ewart 1989). Termites arc very sensitive 
to the concentration of anti-feedant components in 
wood, such as resins, tannins and oils. Where these 
are concentrated in timber, their action is to render 
the cells indigestible in that they cannot be prof¬ 
itably consumed. Thus healthy trees can “choose” to 
exclude termites from certain woody tissues. 

Malice cucalypts present a special case in that the 
concealed Iignotuber is biomass that the trees seek to 
protect in the longer term, while the cpigcous 
branches represent short-term investment which may 
be totally lost to seasonal wildfire. Thus on the ligno- 
tuber, termite activity is often restricted to surface 
feeding with the favoured heartwood nesting site 
reachable mainly through wounds created by trauma 
or growth stress. As with the taller eucalypts, eventu¬ 
ally the mature tree develops a large and unnecessary 
heartwood mass that ceases to be heavily defended 


and thus is more readily colonized. The tree is less 
likely to equip the heartwood of its branches with an- 
tifeedant defences and so we observe high rates of 
hollowing (Yen ct al. 2005). These hollowed branches 
may snap off or die without wildfire, eventually be¬ 
coming fallen woody litter in a process that provides 
persistent hollows which are important habitat for 
countless invertebrates, lizards, mammals and birds 
and represent a major part of the structural hetero¬ 
geneity of the soil surface environment. 

Termites are major decomposers of dung, wood, 
leaf litter and grass; differences in their symbiotic 
gut flora influence the type of organic matter they 
consume. Tongway el al. (1989), in a study of Mulga 
log remains, concluded that termites are important 
factors in the production of nutrient-rich patches. 
These patches gain particular importance in envi¬ 
ronments where nutrients are scarce. Conversely, 
where woody debris is removed, termite abundance 
drops markedly (Ewart 1979). 

The major limiting factor for the termites ap¬ 
pears to be the availability of water. These soft-bod¬ 
ied insects can only live in damp circumstances. 
Either they only feed within dampened substrates or 
they collect and transport water for substrate damp¬ 
ening. Certainly their activity is primarily in sub¬ 
surface food and soils that stay sufficiently damp for 
extended periods, with short-term serendipitous 
feeding on other sources after rains. Malice trees, 
due to the shape of their branches and leaves, tend to 
accumulate water, both trapping rain which runs 
down trunks rather than being shed and by building 
large litter-penetrating droplets with water that lands 
on leaves and runs dow'n to the tips. 

These actions make the soil immediately under 
and around mallec trees particularly suitable to 
termites. 

That termites transport subsoil to the surface has 
been long known and this material transport is im¬ 
portant in soil formation (Whitford 1996) but the 
depth to which termites may forage is likely to be 
limited to the depth of plant roots. This limit has 
been ascribed by Myles and Hoolen (2000) to the 
lack of oxygen in deeper sub-soils, with termites 
preferentially tracking down roots. However it is 
more likely that this limit is also in part a behav¬ 
ioural one, based on the extra energy required to 
tunnel through dense sub-soils as termites are highly 
tolerant of carbon dioxide and, at least in their nests, 
skilled in the art of ventilation. 

Soil covered termite runways have a strong influ¬ 
ence on soil turnover (Lobry de Bruyn & Conacher 
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1990). These shelters are round, approximately I mm 
across, and are formed with the mouthparts and ce¬ 
mented with partly digested wood along with saliva 
and faeces Seasonal abandonment of termite feeding 
sites in small and fallen timbers is relatively unknown 
in Victoria’s montane forests, but in malice forests 
takes on a great importance. Much of the fallen tim¬ 
ber requires such shelter construction both for ex¬ 
posed surface feeding on weathered timber and for 
enlargement of branch hollows. The shelter con¬ 
structed by termites to gain access to palatable timber 
weathers rapidly if not maintained. Hence there are 
potentially large energetic costs replacing such works 
and seasonal abandonment is a primary' cause of ter¬ 
mite-derived soil movement. 

Mallee termites tunnel through the soil for travel 
between the central nest and feeding sites, for water 
collection, and when searching for food. Termites will 
preferentially make use of existing small gaps rather 
than excavate more difficult substrates when they are 
entering new areas exploring for food (Evans 2003). 
In forests, such gaps occur around and beneath tree 
roots and subsoil shrinkage and movement cracks. 
When seeking to exploit a found food source or in 
ranging work around a found food source, termites 
will tunnel through more dense soils. The effects of 
this tunneling arc manifold: it produces macropores 
which improve soil aeration and water penetration, it 
provides paths for future root growth and, because the 
tunnels arc entirely lined with faecal matter, transfers 
minerals back to the root zone. 

Living almost entirely in the dark in a nest as 
close as possible to saturated humidity, and which is 
lined with their own faeces, makes termites a strong 
target for microbes and predatory inquilines which 
can take advantage of the same environment to at¬ 
tack the colony. The reproductive strategy of ter¬ 
mites that favours new colony foundation via 
outbreeding with new colonies established by 
founding pairs mating after flight, is perhaps a re¬ 
sponse to the microbe/inquiline threat. Flights take 
up about a third of the colony’s production each year 
and the winged termites (alates) are all fully provi¬ 
sioned with enough stored food for the first weeks 
of colony life. Only a tiny proportion of alates ever 
succeed in mating and even fewer survive the first 
year of colony foundation. The extreme wastage of 
unsuccessful alates provides a seasonal (mostly 
spring and autumn) bounty for predators that are ex¬ 
cluded from the termites’ gallery system and is 
likely to provide an important seasonal boost for in- 
sectivores. Alighting after flight, the remaining 


alates are heavily preyed upon by ants and lizards as 
they seek to select a mate. Even after nest site selec¬ 
tion and digging-in, many alates fall prey to ants 
which can breach their flimsy early defences. In this 
regard, the failed alates can be regarded as important 
conduits of energy from below ground to above 
ground (Polis 1991). 

Bees 

As was the case with the mallee termites, mallee 
bees are also poorly known with research focused 
primarily on species identification rather than the 
ecological roles they play. No mallee specific bee 
survey has been conducted; rather species occur¬ 
rence information has been assembled through 
generic reviews that include species of bees that 
occur in the mallee (eg. Exley 1968a, 1968b, 1969, 
1972, 1974. 1976a, 1976b, 1978, 2004; Houston 
1975; King 1994; Walker 1986, 1995). 

Five of the Australian families of bees (Apidac, 
Colletidae, Halictidae & Megachilidae) occur in the 
malice region while the family Stenotritidae has not 
been recorded in the region. Species richness is esti¬ 
mated to be between 100-150 species which is about 
10% of the Australian bee fauna, estimated at almost 
1700 species (Cardale 1993). 

In terms of species richness and species bio¬ 
mass, the short tongue bee families Halictidae and 
Colletidae are dominant in the mallee region. The 
two major Halictinac (Lasioglosswn and Homalic- 
tus) and Nomininae genera account for well over 
100 of the recorded mallee bee species. In terms of 
biomass, the Colletidae, in particular the subfamily 
Euryglossinae, would be the dominant family. Eur- 
glossinae species richness is higher in the northern 
half of Australia; however, literally thousands of eu- 
ryglossinc bees can be found around almost any 
flowering mallee eucalypt. While Halictine bees will 
visit eucalypt flowers, they seem to prefer under- 
storey perennial flowering plants and are readily 
found at disturbed sites that have a range of weed 
and perennial flowers. 

The remaining families are all long tongue bees 
and they play an important role in the pollination syn¬ 
dromes of the mallee bee flora. Across Australia the 
long tongue bees are less dominant than the short 
tongue bee families in terms of species richness and 
biomass and similar trends occur in the mallee. 
Within the Apidac, the large and noisy Anthophorini 
blue banded (Amegilla spp.) and xylocopines ( Xylo- 


MALLEE EUCALYPTS, HUMMOCK GRASSES AND SOCIAL INSECTS 


287 


copa spp.) bees are an obvious part of the fauna and 
visit a wide range of flowers. The Megachildae or leaf 
cutter bees visit the eucalypts but are more frequently 
found visiting leguminous plants. 

While no specific malice bee surveys have been 
conducted, there is information available on the hal- 
ictine subgenus, Lasioglossum (Chilallctus) (K. 
Walker, unpublished data). This subgenus contains 
134 valid species and is found predominantly in the 
southern half of Australia with species complexes 
occurring in both the Bassian and Eyrean provinces. 
Almost 40 species of Lasioglossum (Chilalictus) 
have been recorded in the Victorian rnallee region 
making it one of the highest species richness areas 
for this subgenus in Australia. 

Lasioglossum (Chilalictus) species occurs 
across the southern malice habitat from Western 
Australia to Victoria, yet distribution patterns shows 
an interesting characteristic of the Victoria malice 
region. The distribution patters of a number of Chi¬ 
lalictus species that occur in the malice regions of 
Western Australia and whose distributions continue 
across the South Australian malice region almost in¬ 
variably stop just short of the Victorian malice re¬ 
gion near the Flinders Mt Lofty ranges region. The 
reason for this abrupt disjuncture is not known but is 
replicated in a number of bee species and similar 
disjunct rnallee distribution patients have been ob¬ 
served in a number of bird species. 

Native bees are important pollinators of the en¬ 
demic Australian flora, especially plants in the Myr- 
taceac family with genera such as Eucalyptus, 
Melaleuca and Leptospermum (CSIRO 1991), but de¬ 
tailed information on bee and plant species relation¬ 
ships is lacking in the Victorian Malice. The situation 
has been confounded by the debate on whether the 
European honeybee. Apis mellifem, has been detri¬ 
mental to native bees and other insects, native birds 
and native plants. Paton (1996) concluded that it was 
difficult to generalise about the effects of A. mellifera, 

DISCUSSION & CONCLUSIONS 

Superficially the semi-arid parts of the Victorian 
Mallee have many of the elements that characterise 
Malice environments across Australia: a Mediter¬ 
ranean type climate, sandy soils, multi-stemmed 
Mallee eucalypts, hummock grasses, and a prepon¬ 
derance of social insects. I lowevcr there are some 
things in the Victorian Mallee that appear to be dif¬ 
ferent. With regard to social insects, the way in 


which termites operate is different in that there is an 
apparent absence of grass feeding species, and as a 
consequence, termites do not feed upon hummock 
grass as they do in other parts of Australia (Morton 
& James 1988). When hummock grass in Victoria 
dies, it forms clumps of dead matted grass which 
often cover moist patches of sand. These dead 
clumps favour insects such as desert cockroaches. 
We can only speculate that the soils of the Victorian 
dunefields are different and in combination with dif¬ 
ferent sub-soil water types, a cooler climate and 
slightly higher and different rainfall patterns, the 
pattern of decomposition of hummock grass is me¬ 
diated by factors other than termites. The role of fire 
in this system as a decomposition process requires 
further research. 

Arid and semi-arid deserts are often considered 
to be simple ecosystems because water is limiting 
and soils are poor in nutrients. In theory, this results 
in lower productivity and a less diverse biota. This is 
not necessarily true, and in many cases, this conclu¬ 
sion is due to lack of information (Polis 1991). In¬ 
vertebrate activity is phenologically diverse and 
there are phenomena that can be missed: phenolo¬ 
gies can be pulsed (days to weeks) or seasonal 
(months), or even between years. An example of 
such a pulse is the mass emergence of alate termites 
after some rains, but their predators may be seasonal 
or annual and feed on alternative prey when alate 
termites are absent. 

Morton and James (1988) hypothesized that the 
greater diversity and abundance of lizards in arid 
Australia is due to nutritionally poor spinifex on in¬ 
fertile soils having a diverse and abundant termite 
fauna which served as an important food source. 
While most species of insectivorous vertebrates will 
feed upon a range of accessible invertebrate groups, 
ants and termites form a high proportion of the diets 
of frog, lizard and some mammal species 
(Abensperg-Traun & Steven 1997). In the case of 
lizards and some mammals, the proportion of ter¬ 
mites in their diet increases moving from mesic to 
arid environments, and this may be related to the 
greater abundance of termites in the latter 
(Abensperg-Traun 1994). In the Western Australian 
whcatbelt, the echidna (Tachyglossus aculeatus) 
feeds on ants and termites, but termites are the prin¬ 
cipal food possibly because of their greater abun¬ 
dance (Abensperg-Traun & De Boer 1992). In 
Victoria, Coventry (1996) examined the stomach 
contents of seven species of lizards from the Big 
Desert. The stomach contents of six of the species 
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had ants (and were found in nearly all specimens of 
Ctenophorus forcli, Ctenophoms piclus and Pogona 
vitticeps). On the other hand, termites were only 
found in the stomachs of two species and only in a 
smaller proportion of individual lizards. 

This suggests that the Victorian Mallee may 
have a poorer termite fauna than central Australia 
and Western Australia (where species richness of 
termites is several times higher). It may indicate a 
more dominant ant fauna. Ants are the major preda¬ 
tors of termites. To an ant, a termite is a slow-mov¬ 
ing poorly-defended soft bag of moist food. All of 
the termite species found in the Malice have soldier 
castes with highly evolved defensive mechanisms 
against ant predation. These range from glue-gun 
heads whose latex-like secretions gum up and irri¬ 
tate ant antennae through straight-out chemical war¬ 
fare sprays to grotesquely oversized jaws which can 
crush the heads of ants. 

The social insects are part of a complex and 
tightly bound system that has evolved over a long 
period. Mallee eucalypts rely on native bees for pol¬ 
lination. Ants are important in the movement of nu¬ 
trients from the canopy to the ground, seed dispersal 
and in soil movement. Termites are important for nu¬ 
trient cycling, and the effect of termites on vegeta¬ 
tion is more a symbiotic relationship rather than a 
negative one. One major feature of the Victorian 
Mallee is that termites do not feed on hummock 
grass. There is an interesting similarity in the way 
that older Mallee eucalypts develop hollowed cen¬ 
tres like spinifex dying off and forming fairy rings. 
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Cooke, J.W., 2006. European settlement in the Victorian Mallee: a brief overview. Proceedings of the 
Royal Society of Victoria 118 (2): 295-303. 

There has been a substantial European presence in the Victorian Mallee since approximately 1850. 
The purpose of this article is to provide some historical context for the other relevant discussion in these 
proceedings. It is not intended to provide a new explanation of the history of the Malice, but to explain 
the history through the eyes of others who have analysed and reported parts or sections of its history. I 
have chosen to discuss the history of the Malice in four time periods and to address the history in terms 
of four land-uses. Grazing, cropping, irrigation, and conservation are addressed in the context of the use 
and management of all land. Sustainability of farming is viewed from an historic, climatic, landscape 


and investment perspective. 

Key wards'. Mallee. European settlement, closer settlement, 
environment, biodiversity 


THERE HAS BEEN a substantial European presence 
in the Victorian Mallee since approximately 1850. 
This is very brief when compared to the period of 
human occupation within the Victorian Malice or 
even the period of European occupation of lands out¬ 
side of Europe. The European occupation of the Vic¬ 
torian Mallee commenced later than many other 
European occupations elsewhere within Australia. 

Even though brief in historical terms, the Euro¬ 
pean occupation of the Victorian Mallee is complex, 
interesting and is significant within the context of 
European occupation of Australia. 

A contemporary history of European settlement 
in the Mallee has not been written. There is also no 
account of the period of European settlement written 
through the eyes of the indigenous inhabitants. 

PU RPOSE OF THIS ARTICLE 

The purpose of this article is to provide some his¬ 
torical context for the other relevant discussion in 
these proceedings. It is not intended to provide a 
new explanation of the history of the Malice, but an 
attempt will be made to explain the history through 
the eyes of others, who have analysed and reported 
parts or sections of its history. 

I have chosen to discuss the history of the 
Malice in four time periods and to address the his¬ 
tory in terms of four land-uses. These time-periods 
and land-uses are outlined in Table I. 


water, landscape, cropping, grazing, erosion, salt, salinity. 


I will draw heavily on a number of references. 
Most important is The Sloiy of the Mallee by Alfred 
S Kenyon CE (Kenyon 1912) who read a history of 
the Victorian Malice before the Historical Society of 
Victoria on 18 March 1912. Kenyon's papers are the 
cornerstone of the history of the first 70 years of the 
Victorian Malice. 

The Resources Report for the Review of the 
Mallee Area , prepared by the Land Conservation 
Council (Land Conservation Council 1987), pro¬ 
vides an overview of the history of land and water 
use within the Victorian Mallee. Whilst this is the 
most comprehensive work available, it is mainly 
concerned with the use and management of public 
land. Public land now makes up just a third of the 
land of the Mallee. 

Other references provide a great insight into the 
life and times of the Malice. Of note are A.I Holt’s 
Wheat Farms of Victoria (Holt 1946) and Ernestine 
Hill’s Water into Cold (Hill 1949). The story of the 
soldier settlement of Red Cliffs after World War I, A 
Land Fit for Heroes (McKenzie Wright 1995) pro¬ 
vides an insight into a very brief but highly impor¬ 
tant and significant chapter in the overall history in 
the Mallee. Histories have also been written of some 
families, towns and localities, and sporting clubs. 
These are readily accessible through local libraries. 

Two works: Mallee Ecosystems and their Man¬ 
agement (Noble and Bradstock 1990), and the Re¬ 
port on the Mallee Area Review (Land Conservation 
Council 1987), provide a solid understanding of the 
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Time 

Land-uses 

Period 

Grazing 

Irrigation 

Cropping 

Environmental services 

1850-1890 

Exploration 

Not present 

Initial attempts 

Not recognised 

1890-1930 

Zenith 

Closer settlement 

Closer settlement 

First recognition 

1930-1970 

Decline 

Stabilisation 

Stabilisation 

Solidification 

1970-2005 

Minor 

Expansion and 
Sustainable 

Sustainable 

Sustainable and 
managed 


Table 1. Phases of land-use changes in the Victorian Malice 1850-2005. 


Victorian Mallee in the context of the Mediter¬ 
ranean landscapes in Australia. 

THE IMPORTANCE OF WATER IN THE 
VICTORIAN MALLEE LANDSCAPE 

The progression of European settlement of the Mallee 
has been dominated by the landscape and the avail¬ 
ability of water. At its simplest level, irrigation has 
developed along the river. Dryland, or rain-fed agri¬ 
culture as it is often known, occupies the land systems 
dominated by sandy-loam soils (Rowan and Downes 
1963), and conservation areas now occupy the re¬ 
mainder of the landscape, generally on areas not 
suited to either dryland or irrigated agriculture. 

The Mallee landscape was laid down as a sea re¬ 
treated. This left coarse sediments and a Hat topog¬ 
raphy. The highest point in the Mallee is just 70 m 
above the lowest point, which is only 30 m above sea 
level. The amplitude of the landscapes rarely ex¬ 
ceeds 10 m over 500 m distance, apart from the Big 
Desert Land System (Rowan and Downes 1963). 
These coarse sediments, from which the soil later 
developed left little clay in the profile, and hence a 
relatively high potential for vertical How of water to 
enter the underlying aquifers. The flat landscape 
means that there is little head to drive the lateral 
flow of water, either above or below the soil surface. 
Potential evaporation is very much greater than po¬ 
tential rainfall, not only on an annual basis but also 
on a monthly basis for most of the year. 

The consequence of a flat landscape, coarse sed¬ 
iments, and an excess of potential evaporation over 
rainfall, is that no lateral drainage pattern devel¬ 
oped. The salt that enters the Mallee via the move¬ 
ment of rainfall runoff has no surface path back to 
the sea. The Murray River gains salt as it passes 
through the Mallee, but this salt enters the river from 


the groundwater systems. Creeks that originate 
along the Great Divide, terminate as they enter the 
Malice. Residual groundwater systems are highly 
saline. The piezomctric surface of the upper ground- 
water is also relatively flat and parallels the natural 
surface. I lence, there are few local sources of fresh 
water across much of the Victorian Malice. 

Paradoxically, there is less available and suitable 
water than in many of the more arid areas to the 
north and north-west of Victoria. Often in the more 
arid zones, the landscape was formed not by a re¬ 
treating sea, but by colluvial and alluvial sediments, 
that have been out-washed from degrading moun¬ 
tains. The Barrier Range, which lies 2-300 km fur¬ 
ther into the arid zone, has rocky surfaces which 
lead to surface run-off being much greater than in 
the Malice. Hence, drainage patterns develop. 
Stream formations create pockets of coarse sedi¬ 
ments, which provide a store for water. Water holes 
and shallow useable groundwater provide a source 
of water for European occupation. These opportuni¬ 
ties do not exist in the Victorian Mallee. 

The lack of available water, difficulties in sourc¬ 
ing useable water, and its sparse distribution across 
the landscape of the Victorian Mallee, has always 
been at the centre of continual social, economic and 
political debates and actions that characterise the 
Victorian Mallee. 


THE GRAZING ERA 

The initial occupation of the Victorian Mallee by Eu¬ 
ropean settlers was through attempts to utilise open 
plains for the purpose of feeding animals for meat 
and then later wool. At times, virtually all the Victo¬ 
rian Malice was laid over to pastoral holdings, even 
though the open plains occupied only small and iso¬ 
lated parcels across the Mallee. Production from 
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grazing in terms of weight of wool per unit area has 
always been low, and variable. The grazing industry 
has rarely been profitable and suffered from cycles of 
poor seasons and prices. And, for much of the history 
of grazing, there was not a reliable supply of water for 
the livestock. By the time the new technology of plas¬ 
tics arrived, which allowed water reticulation to be af¬ 
fordable, the grazing industry was largely in decline. 

By about 1880, grazing had reached its zenith, 
and soon declined in significance. It retained a 
foothold in some areas up until the 1970s, where it 
was generally terminated on public land. The State 
Government phased out grazing on much of the 
public land in the Victorian Malice following the 
recommendations of the Land Conservation Council 
in 1989 (Land Conservation Council 1989). The era 
of closer settlement, discussed later in this paper, 
saw wheat production replace grazing on those soil 
types that were suitable for wheat production. 

The surveyors who set out the closer settlement 
blocks had identified various classes of Malice lands. 
This classification of land w'as largely based on the 
perceived potential of the area for cereal production 
(Kenyon 1912). Recognition that the capability of 
land could be ranked, described and mapped provided 
the foundation for the designation of the area for 
closer settlement. Sites for roads, water supply catch¬ 
ments and retention of areas of useable timber were 
identified and surveyed. This set in place a matrix of 
land capability on which later decisions on land use 
and land management were made. The better classes 
of land were made available for agriculture and irri¬ 
gation development, whilst the poorer class lands re¬ 
mained available for grazing (Rowan & Downes 
1963; Land Conservation Council 1989). The survey¬ 
ors had done much more than survey the landscape; 
they had laid out the pattern for development of the 
Mallee, which still survives. 

A robust and logical process for describing 
classes of lands was not detailed until 1963, when a 
process for classifying land based around land sys¬ 
tems and land components was described (Gibbons 
& Downes 1964). The land systems of the Mallee 
were described by Rowan & Downes (1963). This 
framework reflects the decisions of the earlier sur¬ 
veyors, yet sets a pattern for sustainable use and 
management that forms the basis for contemporary 
land management and environmental decisions 
(DNRE 1997c). 

There has been a long-standing policy position 
of a range ofVietorian Governments that public land 
used for grazing was not to be cleared of its native 


vegetation, nor alienated for the purpose of grazing. 
This meant that most of the land used for grazing re¬ 
tained remnant vegetation, and was held in public 
ownership. The extent to which the natural character 
was retained varied greatly, depending on land type, 
access to water, and management regime. Even so, a 
choice could be made to balance the use of public 
lands, between grazing and conservation. A decision 
favouring the latter was taken by the Victorian Gov¬ 
ernment in 1989. Grazing of domestic livestock for 
economic gain is now almost totally removed from 
the public lands of the Victorian Mallee. 

The grazing industry had utilised tracks previ¬ 
ously followed by indigenous occupiers. These tracks 
were mapped and recorded by the early European ex¬ 
plorers. Formed roads sometimes replaced the tracks. 

Experience and knowledge gathered during the 
grazing era contributed to an understanding of the 
landscape. When the decision was made for closer 
settlement in the Malice, it relied to a great deal on 
information and knowledge of the landscape that 
had developed during the grazing era. The most sig¬ 
nificant contribution of the grazing era was to ex¬ 
pose the area to interests of others. 


CLOSER SETTLEMENT 

By about the 1860s, South Australia had made deci¬ 
sions to expand wheat growing into its more mar¬ 
ginal landscapes, including the Malice landscapes. 
The history of this expansion, its contraction, failure 
and reoccupation is described in Meinig (1988). 

Victoria learnt from the South Australian expe¬ 
rience and although it later expanded cereal crop¬ 
ping into what was then regarded as marginal areas, 
it did so in a more cautious and conservative man¬ 
ner. The expansion was largely directed towards the 
more productive class of soils (Rowan & Downes 
1963). These soils were readily recognised for their 
higher agricultural potential, based on knowledge 
and experience gained during the first attempts at 
cereal cropping in the southern Mallee in Victoria 
and South Australia, and from the grazing era. The 
progression of closer settlement in the Victorian 
Mallee is summarised in Table 2. 

The markedly different pattern of the remaining 
native vegetation along the border between South 
Australia and Victoria is one of the most striking 
portrayals of the different policies of the colonies. 
Victoria had made a conscious decision not to 
closely settle all of its available land. 
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Period 

Cropping 

Technology 

Governance 

Environmental 

Financial and 

Social 

1890-1930 

Closer 

settlement 

Mechanical 

harvester. 

Stump-jump plough 

Democracy, 
Tradeable rights, 
Financial systems 

Land allocation 
based on land 
class assessment 

Government 
provision of 
infrastructure 

1930-1970 

Stabilisation 

Phosphatic 

fertilisers, 

Medic pastures 

Government 
provision of many 
off-farm services 

Widespread erosion. 
Rising groundwater. 
Loss of carbon 
from soils, 

Cessation of 
land allocation for 
cereal production. 

Social and 
individual 
economic failure 

1970-2005 

Sustainable 

Increasing 
productivity of 
labour input. 
Mechanisation 
allows fanners to 
farm into their 
sixth decade of life. 

Private provision 
of many off-farm 
services, 

World economic 
processes and 
pressures 

Reducing erosion 
and salinity 
impacts 

Capital value of 
farmland rising. 
Population 
decline, closure 
of towns, loss of 
social services. 


Table 2. Progression of closer settlement in the Victorian Malice. 


The long-term sustainability of cereal farming 
on Malice soils of south-eastern Australia reflects 
soil type, rainfall pattern, technological change and 
economic risk. These parameters were recognised 
well before the expansion of cereal cropping into the 
Mallee. They remain relevant today. 

G. M. Goyder, a surveyor working in South Aus¬ 
tralia, had brought together the concepts of aridity, 
soil capability and the economic and technical 
changes that affect the sustainability of cereal pro¬ 
duction in south-eastern Australia (Meinig 1988). 
Using this information and his intuition, Goyder 
identified a line. On the dry side of this line agricul¬ 
ture was unlikely to be stable and sustainable. On the 
closer, or inner side, of the line there was a much 
higher probability for cereal farming to be sustain¬ 
able. Goyder s line was primarily climatic based but 
in drawing it, Goyder had also read the landscape. 
The proportion of Eucalyptus-based vegetation to 
salt bush shrublands was an indicator of the capabil¬ 
ity of the land. The higher the proportion of Euca¬ 
lyptus, the better the soil would be for cereal farming. 
Goyder’s line, if projected into Victoria would inter¬ 
sect the border somewhere north of the township of 
Murrayville, coinciding with the Central Mallee 
Land System (Rowan & Downes 1963). 

Victoria made a conscious decision to expand 
closer settlement to the north of this line, as had South 
Australia. These decisions were made in full knowl¬ 
edge and understanding that social and environmental 


failure was a potential outcome. Our forefathers knew 
the risk they were taking. The subsequent failure of 
some settlements and farms (Callaghan & Millington 
1956) should have been no surprise. 

In order to reduce the risk associated with closer 
settlement. Victorian Governments ensured that the 
expansion of closer settlement, and hence cereal 
farming in the Victorian Mallee, was proceeded by 
the establishment of transport and social infrastruc¬ 
ture. Towns were established with Government sup¬ 
port, having hospitals, schools, banking facilities, 
shops and services. Only those areas with the better 
classes of soils w ere released for development. Gov¬ 
ernance, political stability and a system of private 
rights in the western world provided the basis for in¬ 
dividuals to commit to farming and to make it suc¬ 
cessful (Bernstein 2004). 

But despite the actions of Government, some 
areas did fail. The Millewa, which is an area of north¬ 
west Victoria, west of Mildura, was laid out for wheat 
production in the period 1925-35. Droughts and eco¬ 
nomic depression were encountered as the area 
passed through its establishment phase. By the 1940s, 
closer settlement in the Millewa had failed. Farmers 
and their families were left with no option hut to leave 
their farms. 

A reallocation of the land occurred (Callaghan 
& Millington 1956). Wheat growing returned to the 
Millewa and remains as its principal land use today. 
However, the personal and public cost was very 
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large. Schools were established at 37 separate sites, 
perhaps not all at any one time, but today there is 
just one school. The original 600 or so farms had de¬ 
clined to 100 in 1987 (Land Conservation Council 
1987); probably less than 70 remain. 

The expansion of agriculture into the Mallee 
lands is characterised by failure and resettlement. 
This sequence can be thought of as predictable and 
foolhardy on the one hand, or just bad luck on the 
other. Whilst the failure of the first attempt to settle 
the Millcwa could be explained through a series of 
poor seasons for rain and prices, the success of the 
establishment of the Central Malice from Ouyen to 
Murrayville can be equally explained as a series of 
good seasons for price and rainfall. What is clear is 
that the Government and the settlers who made the 
initial investments have rarely recouped the initial 
cost of administration, clearing and infrastructure. 
Much of the initial investment has been written off. 

The economic success of recent agriculture, as 
evidenced by the increasing capital value of land, 
does not include the repayment of a residual debt in¬ 
curred by the original settlers, or by governments 
who invested in rail, roads and water supply. 

An interaction of climate and soils dominate ce¬ 
real production. As one moves from the south to the 
north, rainfall diminishes, and the risk of seasonal 
failure increases (Land Conservation Council 1989). 
In the more arid areas, there is an increased risk of 
seasonal failure of crops that arc grown on soils that 
have either fine or coarse textures, such as those of 
the Hopctoun and Bcrrook Land Systems, respec¬ 
tively. Cropping on soils derived from the Big 
Desert Land System, and those from the Raak Land 
System appears risky anywhere in the Malice 
(Rowan & Downes 1963). An increasingly lower 
proportion of the landscape is suited to cropping in 
the north and west. 

The expansion of closer settlement concluded in 
the 1940s, with only minor areas being converted 
from public to wheat usage since then. By that time 
two-thirds of the Victorian Mallee was alienated and 
set aside for cereal cropping. The era of closer set¬ 
tlement was succeeded by an era of sustainability 
and stability. 

SUSTAINING DRYLAND AGRICULTURE 

Sir Samuel Wadham, Professor of Agriculture at 
Melbourne University, was instrumental in setting 
directions for sensible public land management in 


Victoria. Concepts developed by Wadham led to the 
separation of those areas on which agriculture would 
concentrate, from those areas set aside for other 
purposes. This insight, of recognising the separate 
requirements of agriculture and public land manage¬ 
ment, is outlined in his 13 principles of sustainable 
agriculture (Wadham 1946). Some of these funda¬ 
mental factors for the management of agriculture 
are also fundamental for sensible environmental 
management. 

Wheat has been the main commercial crop 
grown on the Malice lands of south-eastern Aus¬ 
tralia. There is a physiological match of wheat and 
the Eucalyptus -based native vegetation that it re¬ 
placed. Despite the changes in technology and mar¬ 
ket demands, no other crop has replaced wheat as 
the principal crop (Cooke et al. 1989). Farm man¬ 
agement practices have developed to exploit wheat 
but also to allow wheat to be grown with a reduced 
impact on the environment (Cooke et al. 1989). 

Across the Victorian Mallee, production of 
wheat continues to increase with a productivity gain 
in the order of 3% a year (ABARE 2004). Both the 
amount of grain produced per hectare, and the 
amount of grain produced per unit of farm labour is 
increasing. The increasing productivity per unit of 
farm labour is achieved through the influence of 
timeliness of operation and new technology. 

Productivity increases on the farm coincide with 
similar increases in productivity off the farm, in 
transport and grain handling services. Little labour 
is needed to load wheat from the farmer’s truck to 
the train. I'his is all achieved mechanically. An indi¬ 
vidual farmer can now farm a much larger area. 

For the 120 or so years of wheat production in 
the Victorian Mallee, there has been very little value 
added locally to the raw product. The product is 
bulked into trucks and trains, sent to the city for pro¬ 
cessing or to ports for export. There are increasingly 
less people involved in this chain. Mechanisation 
also allows farmers to remain actively farming into 
their sixth decade. 

Thus there arc fewer farmers, and those who re¬ 
main are growing older. Older fanners have fewer 
children than younger farmers, hence fewer schools 
are needed, along with other services. The productiv¬ 
ity increase in the grain industry is inverse to the fall 
in the population of the farms and small towns of the 
Malice. These Malice towns are now in decline. 

I'he removal of native vegetation to allow for ce¬ 
real production exposed the soil to the eroding force 
of the wind. The sandy-loam soils in a semi-arid 
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landscape such as the Victorian Mallee are prone to 
wind erosion. Maintaining a protective cover of or¬ 
ganic mulch on the soil surface protects against 
wind erosion (Cooke et al. 1989). However, the orig¬ 
inal cultivation equipment was not capable of leav¬ 
ing a protective mulch. The mulch was either 
destroyed by burning at the start of the fallow pe¬ 
riod, or was later destroyed by cultivation during that 
period. Widespread and serious soil erosion was the 
unavoidable consequence. The advent of cultivation 
machinery with mulch handling capability, sup¬ 
ported by the use of herbicides, now provides a 
means to produce cereals with little wind erosion. 

The factors that cause salinity are being ad¬ 
dressed, although not eliminated. Whilst it is too 
early to say that the dryland salinity process has 
reached a plateau (Jenkin 1981), the broad-based 
approach to salinity management appears to have 
led to a change in the rate of expansion of salinity of 
both the river and the dryland areas. Changes to 
agricultural practices are leading to a reduction of 
recharge, mainly through improvements to plant 
water-use efficiency (Cooke & Willatt 1983). It is 
this recharge to the groundwater that drives salinity. 

By the 1920s, it had become obvious that clearing 
of vegetation and subsequent cropping and pastoral 
practices led to the salinisation of water and land. 
Likewise, in irrigation areas leakage of water from 
channels, and hence salting, was recognised immedi¬ 
ately following the establishment of irrigation. This is 
contrary to the often-heard claim that our forefathers 
did not know or did not understand the landscape, and 
hence can somehow be excused for making decisions 
that led to wind erosion and salting. History clearly 
shows that they had this knowledge but made the de¬ 
cision to proceed with closer settlement (Cooke et al. 

1989). They also knew that there was a chance of so¬ 
cial and economic failures. These were the decisions 
of people acting within the framework of the deci¬ 
sion-making of the time. 

Cereal farming now appears to be environmen¬ 
tally and economically sustainable (Cooke et al. 
1989). Governments are requiring land owners and 
land managers to bear an increasing proportion of 
the environmental and social cost of farming, espe¬ 
cially in the case of wind erosion and soil salinity. 
Decisions to allow for the expansion of agriculture 
into marginal areas elsewhere in Australia, whether 
they are marginal for wet or dry reasons, should not 
ignore the plight of the cereal-producing areas in 
Victoria and South Australia, and the sunk costs of 
closer settlement. Otherwise, the result may be little 


economic benefit and a great deal of environmental 
damage. 

IRRIGATION 

The Victorian Mallee is bounded on its east and 
north by the Murray River. The river, which is now 
extensively regulated, provides a reliable flow of ir¬ 
rigation water into the otherwise semi-arid land¬ 
scape. The Murray River is fed from the Great 
Divide of southeastern Australia, where winter rain¬ 
fall greatly exceeds winter evaporation. Water is 
stored in major structures such as I lume and Dart¬ 
mouth dams, and is metered out for irrigation indus¬ 
tries of the riverine zones of Victoria and New South 
Wales, and the Mallee zones of South Australia, Vic¬ 
toria and New South Wales. 

Irrigators take advantage of the large gap be¬ 
tween potential evaporation and rainfall in the 
Malice in late spring, summer and autumn. The 
semi-arid climate makes the area suitable for the 
production of wine, table and dried grapes, citrus, 
almonds, olives and a range of other crop types. 

Irrigation commenced in a structured way in 
Mildura in the 1880s. This was prior to the installa¬ 
tion of local hcadwork structures such as the locks 
and weirs, or the major storages in the upper head¬ 
waters. The construction of I lume, and more re¬ 
cently Dartmouth, dams provides a level of security 
of irrigation water rarely seen in semi-arid zones 
elsewhere in Australia or elsewhere in the world. 
Victoria estimates it can provide 100% of the farm¬ 
ers' allocated right to water in 96 years out of one 
hundred, from the Murray system (DNRE 1997a). 

Irrigation development within the local areas is 
characterised by a mix of public and private invest¬ 
ment. There was enthusiasm for the Chaffey settle¬ 
ments in Mildura. and this had implications in terms 
of its subsequent economic and technical failures, 
and the need for Government intervention (Hill 
1949). The juxtaposition of Government, local au¬ 
thorities and irrigators in the provision of irrigation 
infrastructure has been difficult and remains an on¬ 
going area of contention within Australia. 

In contrast to local wheat production, a great 
deal of economic value is added to irrigation prod¬ 
ucts before they leave the area. Fruit must be either 
eaten or processed soon after picking. Capacity to 
process and package fruit and fruit products close to 
the point of production, and its subsequent trans¬ 
port, means that fruit can be grown economically in 
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Mildura and consumed in the eastern cities or ex¬ 
ported. Originally, it was grower cooperatives that 
processed and packaged the fruit. More recently, a 
greater proportion of fruit flows to independent pri¬ 
vate or corporate enterprises for processing. The era 
of cooperatives has gone. 

Wines made from grapes locally in Victoria, 
New South Wales and the Riverland of South Aus¬ 
tralia are exported to a large number of countries 
under labels placed on bottles locally. Mildura ap¬ 
pears unique within Australia, where agricultural 
production is processed, packed and distributed lo¬ 
cally in close proximity to where il is produced. 
Employees are needed to grow, harvest, process, 
package and distribute fruit. It is one of the few agri¬ 
cultural-based towns within Australia whose popula¬ 
tion is expanding. Mildura is now the recognised 
leader in irrigated horticulture within Australia. The 
gap in growth rates between the declining dryland 
towns and the growing river towns continues and is 
rapidly widening. 

CONSERVATION IN THE CONTEXT OF 
MALLEE ENVIRONMENTS 

Governments at three levels: Australian, Victorian 
and Local, have laid a policy and legislative frame¬ 
work in an attempt to ensure that land, water and 
biodiversity are used and managed in a sustainable 
manner. These policies and legislative foundations 
relate to salinity (Murray-Darling Basin Commis¬ 
sion 2001), water (DNRE 1997a), land-use and 
management (Land Conservation Council, 1989) 
and protection of biodiversity (DNRE 1997b, c). 
They rely heavily on technical and scientific princi¬ 
ples (Noble et al. 1990) 

An upper limit, or cap has been placed on fur¬ 
ther diversions of w'ater from the Murray River 
(Murray-Darling Basin Commission 2004). This 
cap, combined with the system of shared and speci¬ 
fied entitlements to water (DNRE 1997), effectively 
limits the volume of water available for develop¬ 
ment, and the amount that can be traded. The right 
to take and use water is no longer tied to a specific 
area of land. The Cap sets the foundation for secu¬ 
rity of water, and is the basis for investors, not only 
in irrigation but also processing and packaging, to 
be confident that their access to natural resources is 
secure and fair. 

The separation of the right to take and use water 
from land, and the specification of entitlements in 


terms of ownership, volume, reliability, transferabil¬ 
ity and quality, in technical and legal parameters 
provides security of tenure for irrigators. The provi¬ 
sion of opportunity to permanently trade water into 
the Mallee is setting the foundation necessary to 
allow the expansion of irrigated agriculture. 

The Murray-Darling Basin Salinity and 
Drainage Strategy (Murray-Darling Basin Commis¬ 
sion 2001), combined with local salinity manage¬ 
ment plans, provide for an offsetting arrangement to 
manage salinity' impacts of past and new actions. 
The salinity impact of new actions, such as expan¬ 
sion of area of land irrigated, will now be offset by a 
similar reduction of salt entering the river. Plans pre¬ 
pared in the Mallee guide irrigation development 
away from areas of highest impacts to areas that 
have a lower impact on river and land salinity. De¬ 
velopment will need to avoid damaging environ¬ 
mental values, and the plans will guide developers to 
design their plantings and irrigation systems around 
land capability. 

The full salinity impact of clearing native vege¬ 
tation and its replacement by irrigation and dryland 
agriculture, over the last 150 years, has yet to be felt 
in the Murray River. To date, there arc no simple so¬ 
lutions to the river salinity impacts from this clear¬ 
ing. Further reductions in the salinity load from 
irrigation areas and from dryland cropping areas is 
required. The interception of saline groundwater be¬ 
fore it reaches the river, and the consequential need 
to dispose of saline water, will continue to be a key 
aspect of salinity management in the Victorian 
Mallee for the foreseeable future. The irrigation in¬ 
dustry has much to gain from a healthy river. 

Victoria's Biodiversity Strategy (DNRE 1997b, 
c) determines acceptable environmental outcomes. 
The strategy provides an offsetting arrangement in 
the context of projected long-term improvement in 
conditions of the natural environment. 

Victoria s Biodiversity Strategy recognises that a 
secure and well-managed reserve system is essential 
for biodiversity conservation. This by itself is not 
enough. Much of Victoria’s environmental value is 
embodied in fragmented ecosystems, on private 
land, outside reserves. The Biodiversity Strategy 
therefore aims for complementary management of 
different parts of each ecosystem, regardless of 
whether they are inside or outside reserves. It aims 
for complementary management of waterways, pub¬ 
lic land and private land. 

A further challenge is how to manage the 
aquatic environments of the Murray River, its 
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anabranches and floodplains (Murray-Darling Basin 
Ministerial Council 2003), and also those of the 
northern-flowing streams: Yarriambiack, Tyrrell and 
Lalbert Creeks. This must be achieved in the context 
of the protection of the indigenous culture, and the 
engagement of the local indigenous communities. 

Because they have evolved separately and at dif¬ 
ferent times, these policies can seem like a confus¬ 
ing jumble. However, close observation reveals 
strong and consistent themes within each of them. 
Once they are put together, it becomes clear that col¬ 
lectively they determine the limits to: 

1. How much land is available for development for 
agricultural pursuits; 

2. How much water is available for development, and 
how much is used for towns and the environment; 

3. How the impacts on the salinity of the Murray 
River and the landscape are managed and ac¬ 
counted for; 

4. How biodiversity must be conserved and pro¬ 
tected; and 

5. What is a regional, state and nationally accept¬ 
able approach to dealing with these issues. 

A system that allows for the integrated manage¬ 
ment of natural resources has developed over the past 
150 years in Victoria. The Victorian system allows a 
focus to be placed on the protection and enhancement 
of environmental values within those areas set aside 
for that purpose. It also allows agriculture to concen¬ 
trate on its prime purpose, which is producing prod¬ 
ucts for sale. It provides a mechanism to balance 
social, economic and environmental impacts and val¬ 
ues. 

Settlers in Sydney Cove in 1788 recognised the 
potential of grain, wool and wine as products on 
which Australia would grow. These are the products 
that could be grown within Australia and be trans¬ 
ported over the long distances to the markets of Eu¬ 
rope, and now Asia and America. These products 
characterise the history of European settlement in 
the Victorian Mallee. Tourism, conservation and 
recreation-based land and water use came later. 


REFERENCES 

ABARE, 2004. Australian Commodity Statistics. 

Australian Bureau of Agriculture and Re¬ 
source Economics, Canberra, Australia. 

Bernstein, W.J., 2004. The Birth of Plenty. How the 
prosperity of the modern world was cre¬ 
ated. McGaw Hill. 


Callaghan, A.R. & Millington, A.J., 1956. The 
Wheat Industry in Australia. Angus & 
Robertson. Sydney. 

Cooke, J.W. & Willatt, S.T., 1983. Land manage¬ 
ment, water use and salinity prevention. 
Proceeding of the Royal Society> of Victoria 
95: 117-121. 

Cooke, J.W., Maclennan, H.S. & Erlandsen, S.A., 

1990. Arable Farming Systems. In Mediter¬ 
ranean Landscapes in Australia. Mallee 
Ecosystems and their Management. J.C. 
Noble & R.A. Bradstock. R.A., cds, 
CS1RO, East Melbourne, 318-328. 

DNRE, 1997a. Sharing the Murray. Proposal for 
defining people s entitlements to Victoria s 
Water. Department of Natural Resources 
and Environment, Melbourne. 

DNRE, 1997b. Victoria s Biodiversity: Sustaining our 
Living Wealth. Department of Natural Re¬ 
sources and Environment, Melbourne. 

DNRE, 1997c. Victoria's Biodiversity: Directions in 
Management. Department of Natural Re¬ 
sources and Environment, Melbourne. 

DNRE, 1999. Entitlements to the Murray. Depart¬ 
ment of Natural Resources and Environ¬ 
ment, Melbourne. 

Gibbons, F.G. & Downes, R.G., 1964. A Study of 
Land in South-western Victoria. Soil Con¬ 
servation Authority, Victoria, Technical 
Communication TC3. 

Holt, A.J., 1946. Wheat Farms of Victoria. A Socio¬ 
logical Survey. The School of Agriculture, 
University of Melbourne, Wilke & Co., 
Melbourne. 

Hill, E., 1949. Water into Gold. Robertson and Mul¬ 
lens, Melbourne. 

Jenkin, J.J., 1981. Terrain, groundwater and second¬ 
ary salinity in Victoria. Agricultural Water 
Management 4: 143-71. 

Kenyon, A.S.. 1982. The Story of the Mallee. I.A. 
Wood/K.C. Hofmaier, Rainbow/Beulah. 
Reprint of The Story of the Mallee parts 1- 
4 originally published in the Victorian His¬ 
torical Journal 1914-1915. 

Land Conservation Council, 1987. Report on the 
Mallee Area Review. Government Printer, 
Melbourne. 

Land Conservation Council, 1989. Final Recom¬ 
mendations Mallee Area Review. Govern¬ 
ment Printer, Melbourne. 

McKenzie Wright, K„ 1995. A Land Fit For Hemes. 

The story of the soldier settlement of Red 


EUROPEAN SETTLEMENT IN THE VICTORIAN MALLEE: A BRIEF OVERVIEW 


303 


Cliffs after World War I. Ken Mackenzie 
Wright, Mildura. 

Meinig, D.W.. 1988. On the Margins of the Good 
Earth, South Australian Government 
Printer, Netley. 

Murray-Darling Basin Commission, 2001. Basin 
Salinity Management Strategy 2001-2015. 
The Murray-Darling Basin Ministerial 
Council. 

Murray-Darling Basin Commission, 2004. The 
Cap; Murray-Darling Basin. Murray-Dar¬ 
ling Basin Commission. 

Murray-Darling Basin Ministerial Council, 2003. 
Communique The First Step. Decision 14. 


Noble, J.C. & Bradstock. R.A., 1990. Mediter¬ 
ranean Landscapes in Australia. Mallee 
Ecosystems and their Management. 
CS1RO, East Melbourne. 

Noble, J.C.. Joss, P.J. & Jones, G.K., 1990. The 
Mallee Lands. A Conservation perspective. 
CS1RO, East Melbourne. 

Rowan, J.N. & Downes. R.G., 1963. A Study of Land 
in North-western Victoria. Soil Conserva¬ 
tion Authority, Victoria, Technical Commu¬ 
nication No. 2. 

Wadham, S.M., 1946. Necessaty Principles for Sat¬ 
isfactory Agricultural Development in Aus¬ 
tralia. Hassell Press, Adelaide. 













■* 





VEGETATION CHANGE IN HATTAH KULKYNE NATIONAL PARK: 
A STATE-AND-TRANSITION MODEL 
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Murdoch, F. A„ 2006. Vegetation change in Hattah Kulkync National Park: A statc-and-transition 
model. Proceedings of the Royal Society of Victoria 118 (2): 305-312. 

Many arid landscapes worldwide are degraded. Restoration ecology offers a variety of tools to en¬ 
able managers to restore valued processes to landscapes. One such tool is state-and-transition (S-T) mod¬ 
elling which provides a way to summarise knowledge of vegetation dynamics, tools for restoration and 
the impact of restoration activities. A theoretical S-T framework was dev eloped and used to organise the 
history of degradation and restoration in the semi-arid woodlands of Hattah Kulkync National Park, 
north-west Victoria. This process highlighted four main opportunities to enhance restoration success in¬ 
cluding: exploring where, when and why natural recruitment of key species was occurring, utilising the 
artificial stimulation of root suckers as an alternative tool to enhance the regeneration of desirable 
species, understanding and developing techniques to enable regenerating or partially restored woodlands 
to move to the desirable state of a self-perpetuating, restored woodland and a need to monitor and man¬ 
age the threat posed by emerging weeds. 

Key words '. Restoration, state-and-transition, semi-arid woodlands 


RESTORATION ECOLOGY is defined as restoring 
one or more valued processes or attributes of a land¬ 
scape. Processes are defined according to the in¬ 
tended use of the land. e.g. productive grasslands for 
grazing or enhanced conservation values for na¬ 
tional parks (Davis & Slobodkin 2004). To restore 
an ecosystem, it is necessary first to understand the 
system components and interactions, and how man¬ 
agement or restoration may affect them (Hobbs & 
Norton 1996). Conceptual models are used to or¬ 
ganise this knowledge in a logical, accessible man¬ 
ner and in a way that encourages the incorporation 
of new information, acknowledges failures and 
identifies gaps in the knowledge base. “State-and- 
transition” (S-T) models (Westoby et al. 1989) have 
been applied in many ecosystems and arc particu¬ 
larly useful in arid environments where vegetation 
change is often discontinuous, irreversible and un¬ 
predictable (Briskc ct al. 2003). 

State-and-transition models describe stable veg¬ 
etation communities ("states”) separated by abrupt 
"thresholds”. Thresholds are boundaries in space or 
time indicating that primary ecological processes 
have been extensively altered and require active 
management. Natural plant community dynamics 
within states are termed "phases”. They do not in¬ 
volve thresholds and arc relatively easily reversible 
through modified grazing pressure or favourable cli¬ 
mate (Stringham et al. 2003). 


This paper introduces a widely applicable S-T 
framework for arid environments. The framework is 
then applied to create a model of vegetation change 
in the semi-arid woodlands of Hattah Kulkync Na¬ 
tional Park (HKNP), north-west Victoria. The 
HKNP model provides a summary of existing 
knowledge but also highlights opportunities to en¬ 
hance future restoration success in this and similar 
environments. 


A STATE-AND-TRANSITION FRAMEWORK 

State-and-transition models have been developed for 
many vegetation types and the similarities amongst 
models suggest that a single framework could be de¬ 
veloped. Vegetation states and thresholds are de¬ 
fined by the ecological process that has been altered 
and can be broadly defined. Transitions are the 
causal factors involved in the change but. like vege¬ 
tation phases, can only be defined with reference to 
the particular ecosystem under examination and are 
part of detailed models rather than this framework. 
A combination of restoration ecology texts (e.g. 
Whisenant 1999), review of S-T models (e.g. Igle- 
sias & Kolhmann 1997) and theoretical knowledge 
of disturbance ecology and succession theory (e.g. 
Choi 2004) was used to identify the main states and 
thresholds in arid environments. 
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Desirable vegetation states 

These are the start- and end-points of restoration. 
The pre-European vegetation state cannot be re-cre¬ 
ated due to the dynamic nature of ecosystems, the ir¬ 
reversibility of some changes and insufficient 
knowledge, and often resources (Hobbs & Harris 
2001; Choi 2004). Instead, a desirable, restored state 
must be clearly defined to meet our needs into the 
future with sufficient biotic and abiotic resources 
for development to continue without further assis¬ 
tance (SER 2002; Davis & Slobodkin 2004). An al¬ 
ternative, restored state may also be included where 
there is permanent damage to ecological function¬ 
ing, such as dryland salinity (Hobbs et al. 2003). 

Altered vegetation states- Biotic 

Biotic changes in the composition of the desirable 
vegetation occur when thresholds are crossed, firstly 
the loss of component species, and secondly by the 
dominance of inappropriate plant species. Inappro¬ 
priate plants species are often introduced weeds but 
may be native species which are not appropriate for 
the desirable vegetation community, e.g. native 
grasslands when woodlands are desired. Oflen these 
altered habitats have intrinsic conservation and habi¬ 
tat values and restoring vegetation to the desired 
state must be carefully weighed against the benefits 
of preserving the new vegetation state (Oliver et al. 
2002 ). 

Altered vegetation states - Abiotic 

When biotic thresholds are crossed, the vegetation 
community is then susceptible to crossing abiotic 
thresholds, including altered soil structure, soil hy¬ 
drology or soil chemistry. These states are less 
clearly delineated because it is difficult to determine 
which threshold has been crossed. Often more than 
one threshold is crossed simultaneously and it may 
be convenient to treat the altered states simultane¬ 
ously (Aronson et al. 199; Hobbs & Harris 2001). 

To achieve restoration to the desirable state, 
thresholds must be addressed progressively in the 
reverse order of degradation: treating first the abi¬ 
otic thresholds, then controlling inappropriate 
species and lastly, reintroducing missing component 
species. Many restoration failures can be attributed 
to omitting steps in this process, particularly at¬ 


tempting to reintroduce component species before 
addressing abiotic thresholds (Whisenant 1999). 

MOVING FROM FRAMEWORK TO MODEL 

This S-T framework can be customised to most arid 
ecosystems by describing vegetation communities 
and fitting them as phases in the predetermined 
states, and outlining how vegetation changes (transi¬ 
tions) have occurred. Explicit definitions of com¬ 
munities are critical for the functioning and utility of 
a S-T model (Briske et al. 2005), to allow recogni¬ 
tion of approaching thresholds (Bestelmeyer el al. 
2003) and provide measures of when “successful 
restoration” has been achieved (Hobbs & Norton 
1996). Indicators such as the floristic composition 
and structure of plant communities are useful and 
can act as a surrogate for elements which are more 
difficult to measure, e.g. landscape function (Lands- 
berg & Crowley 2004; Ludwig et al. 2004). 

Floristic composition depends on previous and 
current pressures on the vegetation and it is important 
to recognise the characteristics of the species present. 
Communities highly degraded in the past will consist 
primarily of resilient species with long-lived seed 
banks or easily dispersed seeds. Less degraded com¬ 
munities may include those species which require rare 
climatic events to establish, or arc particularly sensi¬ 
tive to abiotic conditions, such as salt or poor soil 
structure. A species’ response to grazing is particularly 
useful when describing composition. Decreaser 
species decline where grazing impacts are concen¬ 
trated and tend to be palatable, drought-hardy peren¬ 
nial species. Incrcasers and invaders tend to be annuals 
and arc often exotic anti generally unpalatable (Friedel 
et al. 2003; Landsberg & Crowley 2004). 

Useful measures of plant community structure 
include density of large trees, tree canopy cover, un- 
derstorey structure, weediness, recruitment, organic 
litter and abundance of logs, as used in the Victorian 
Habitat Hectares Assessment (Parkes et al. 2003; 
McCarthy et al. 2004). These measures are often 
compared with a benchmark, desirable vegetation 
state (e.g. DSE 2004). 

A STATE-AND-TRANSITION MODEL FOR 
HATTAH KULKYNE NATIONAL PARK 

Semi-arid woodlands are recognised as being the 
most degraded vegetation community in north-west 
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Victoria (LCC 1987) with generally less than 40% 
remaining (White et al. 2003). The Pine Buloke 
woodlands of HKNP (dominated by Pine Callitris 
gracilis ssp. murrayensis (.1 Garden) KD Hill and 
Buloke Allocasuarina luehmannii (RT Baker) LAS 
Johnson) arc no exception (Gowans & Westbrooke 
2002). The woodlands were cleared for pasture, fire¬ 
wood and construction materials and suffered from 
overgrazing, fire and competition from weeds. 
HKNP was fully reserved 1980 when the emphasis 
became to “actively rehabilitate degraded communi¬ 
ties” through hand-planting and direct seeding of 
trees and shrubs and stabilising eroded dunes, and 
“reduce total grazing pressure to a level which al¬ 
lows the native, perennial species to regenerate” 
(DNRL 1996). Although the area was described in 
the 1970s as the most degraded crown land in the 
district (LCC 1977), in 2005 the recovery of the veg¬ 
etation was described as “a remarkable story of 
achievement in habitat rehabilitation - perhaps the 
most dramatic turn around in semi-arid habitats in 
Australia” (Cheal 2005). 

The S-T framework outlined previously was 
used to define states and thresholds for the HKNP 
S-T model (Fig. I). Transitions between states, and 
vegetation phases within states, were described 
using the knowledge of land managers, personal 
observation, photographs, data from revisiting 
grazing exclosures and from reports describing 
vegetation, management actions, climatic condi¬ 
tions, grazing pressure and restoration attempts 
(Murdoch 2006). 

Transitions between vegetation states 

The transition and reverse transitions described 
below are illustrated in Fig. 1. Transitions refer to a 
progressive decline in vegetation condition. 

1. Extensive thinning of the overstorey occurs 
through logging and senescence. Heavy grazing 
and extended drought destroys the majority of 
palatable understorey species. Recruitment of 
desirable species following rainfall is eliminated 
by grazing. 

2. Continued heavy grazing removes till under- 
storey cover including the cryptogam layer and 
combined with drought and senescence, results 
in extensive bare areas. Bare and disturbed areas 
are invaded by weedy species, either annual 
grassy species, or persistent, often perennial 
weeds. Loss of herbaceous biomass from grass¬ 


lands can also lead to the dominance of Hop- 
bush Doclonaea viscosa subsp. angustissima. 

3. The replacement of native perennial species 
with annual exotics means that during dry sum¬ 
mers or following heavy grazing, vegetation 
cover is removed completely. Bare, sandy areas 
are exposed to erosive winds and metres of top¬ 
soil are removed. 

Reverse transitions lead to an improved vegeta¬ 
tion state and occur as a result of extensive manage¬ 
ment input, or occasionally an exceptional sequence 
of climatic events or extended periods (lens of 
years) of low grazing pressure. Failure of any of 
these techniques leads to a reversion to the previous 
state, as indicated by double headed arrows in Fig. 1. 

4. Eroded dunes are restored to annual grassland 
firstly by extensive dune reshaping to alter ero¬ 
sive wind flow patterns using heavy machinery. 
In the 1970s, this was followed by permanent 
fencing to reduce grazing pressure, fertilising 
and establishing annual, sterile ryecorn for two 
years, followed by handplanting tubestock into 
the stubble (Transition 6). More recently, the 
sites have been left to regenerate naturally fol¬ 
lowing the establishment of ryecorn. In the 
1990s, some sites were stabilised with erosion 
matting or piles of cut brush. Brush piles effec¬ 
tively capture resources such as litter and seeds, 
and protect vegetation from browsing (Ludwig 
& Tongway 1996). 

5. Persistent weeds are controlled by application 
of herbicides e.g. Paterson’s Curse Echium 
plantagineum. Fire may be useful over large 
areas to destroy the plants and seeds of certain 
species e.g. Ilorehound Marrubium vulgare 
and D. viscosa. Hand-pulling may be appropri¬ 
ate for localised infestations without persistent 
root systems, such as the recent, isolated infes¬ 
tations of Crownbcard Verbesina encelioides in 
HKNP. 

6. Low diversity woodlands are created by hand¬ 
planting tubestock of desirable species into 
highly degraded areas. A small number of 
species are used; these arc good colonisers and 
establishment is assisted by protection from 
browsing (either individual tree guards or 
fences) and in one case, supplementary watering 
from Lake Mournpali. This technique is far 
more labour intensive than direct seeding (Tran¬ 
sition 7) and has only been used extensively in 
the 1970s and more recently by volunteer 
groups on sites of less than 1 Ha. 


Missing component species 
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Fig. I. State-and-transition model for semi-arid woodlands in HKNP. The double lines represent thresholds and enclose vegetation states. Boxes represent vegetation com¬ 
munities which are phases within vegetation states. Numbered arrows are transitions explained in the text (solid: improvement, dotted: decline). Broken arrows are reversible 
phase shifts driven by rainfall and grazing pressure. 
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7. Direct seeding has been used since 1989 in 
HKNP to establish a limited number of suitable, 
desirable species without supplementary water¬ 
ing and often without protection from browsing. 
Adequate site preparation includes ripping to 
prepare the soil and use of a knock-down herbi¬ 
cide to facilitate establishment and control com¬ 
petition from annual species. 

8. The transition from regenerating woodlands to 
the desirable, restored woodlands is unknown at 
HKNP. It may occur naturally over a long time 
period or it may require further supplementation 
of desirable species. 

Desirable vegetation states 

Historical communin’ The overstorey of the histori¬ 
cal vegetation community is adequately described 
from historical records although the understorey el¬ 
ements and quantitative analysis of the composition 
are lacking (White et al. 2003). The “benchmark” 
community is described from some small reserves, 
roadsides and remnants on private land to the south 
of the study site (DSE 2005) and forms a useful 
reference. 

Restored woodland Currently, the goals for 
restoring semi-arid woodland in IIKNP arc very 
general: “Maintain, or where possible enhance, 
wilderness values ... biodiversity ... at a level ap¬ 
proaching pre-European settlement conditions” 
(DNRE 1996). This implies a woodland similar to 
the benchmark which meets all the benchmark con¬ 
ditions, as well as having high overall species diver¬ 
sity, dominated by decreases, with few increasers 
and no invaders. 


Phases of missing component species 

Degraded woodland This is thinned woodland 
with at least 20 trees per hectare predominantly 
from the mature size classes. The woodland does 
not have the benchmark understorey structure, hav¬ 
ing lower species diversity and lacking the smaller 
life forms, and little organic litter. Palatable shrubs 
are absent and trees have marked browse-lines. The 
ground layer contains predominantly native or in¬ 
troduced species of lower palatability able to 
colonise bare areas (increasers), although weeds do 
not dominate. There is little if any recruitment of 
desirable species. 


Partially regenerating woodland Similar to the 
degraded woodland in overstorey and understorey 
structure and composition. The most significant fea¬ 
ture of this community is the presence of recruit¬ 
ment in some desirable, woody species and the loss 
of the browse-line. Regeneration is usually the more 
common and resilient shrubby species, such as Aca¬ 
cia spp. as well as the trees AUocasuarina luehman- 
nii, Callitris gracilis and the Needlewoods Hakea 
leucoptera and H. tephrosperma. Some of the rarer, 
palatable herbaceous species such as Silky Swain- 
son Pea Swainsona phacoides , Silky Glycine 
Glycine cunescens, Bush Banana Marsdenia aus¬ 
tralis. and Sand Sida Sidu ammophila are increasing 
in abundance. Based on comparisons of current veg¬ 
etation with previous studies (e.g. Mueck 1987; 
Sluitcr ct al. 1997), this woodland is a recent phase, 
only being present in HKNP since the mid- to late- 
1990s. Rainfall records indicate that there have been 
few years since 1996 with extended periods of 
favourable soil moisture, however total grazing pres¬ 
sure has been reduced substantially and is probably 
the cause of phase shift I. 

Regenerating woodlands There are few areas in 
HKNP which are sufficiently diverse and self-perpet¬ 
uating to be included in this phase. This woodland has 
lower species diversity and the size classes of over- 
storey trees are more biased towards smaller classes 
than in the restored woodland. It meets the bench¬ 
mark conditions for recruitment and litter. One exam¬ 
ple is a rabbit-proof exclosure established in 1948 by 
the Forest Commission of Victoria. The plot was es¬ 
tablished tt> protect regenerating C. gracilis but also 
includes self-sown A. luehmannii seedlings. The un¬ 
derstorey includes Acacia spp. and native grasses 
with few weeds present. Phase shift II is likely to 
have occurred in this cxclosurc in response to protec¬ 
tion from browsing for 57 years, good rainfall periods 
within this time (notably 1954-1956 and 1973-1975) 
and a seed source from adjacent trees and shrubs. 
Given similar conditions, this phase shift may occur 
from low diversity woodlands also, although there are 
currently no examples of this. 

Low diversity woodland The low diversity 
woodlands in HKNP are the result of numerous 
restoration efforts dating back to restoration work by 
the Soil Conservation Authority (SCA) in the 1960s. 
There is a diversity of forms each of which occurs 
over a limited area (less than 5 ha). There are few if 
any mature trees (<20 / ha), those that are present 
are of the smaller size classes indicating recent 
reintroduction. The woodland does not meet the 
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understorey structure benchmark being dominated 
by easily reintroduced large shrubs and trees. There 
may be recruitment evident of these species, al¬ 
though not of other lifeforms. There are few if any 
logs or organic litter reflecting the highly degraded 
origins of this phase. The ground flora tends to be 
predominantly increascrs and invaders, although 
weeds do not dominate. 

The various forms include Pine woodlands, hand- 
planted or direct seeded woodlands and stimulated 
root suckers. Pine woodlands are a handplanted 
monoculture of C. gracilis established in 1962-1980 
by the SCA on open sandhills. The best example of 
handplanted mixed woodlands is the Friends’ Planta¬ 
tion established in 1990 by the Friends of Hattah fo¬ 
cusing on large shrubs and trees such as 
Allocasuarina luehmannii, Callitris gracilis, Acacia 
spp., Senna artemisioides subspp. Hake a leucoptera 
and //. tephrosperma. Site preparation involved ex¬ 
tensive earthworks, the laying of dripper lines to sup¬ 
ply water from Lake Moumpall and the guarding of 
each seedling planted. Direct seeded woodlands use a 
seed mix similar to that used in handplanted wood¬ 
lands. The success of direct seeding is variable be¬ 
tween species and years. Acacia spp. and S. 
artemisioides respond well to direct seeding, whilst A. 
luehmannii often fails to establish. Without protection 
from browsing and favourable rainfall recruits from 
direct seeding can be negligible, as occurred in 
HKNP in 2001, 2002 and 2005 (no work in 2003 or 
2004). Artificially initiating root suckers involves 
damaging the roots of suitable species such as A. 
luehmannii, Belah Casuarina pauper and Cattlebush 
Alectryon oleifolius subsp. canescens. The root suck¬ 
ers of these species can establish when seedlings do 
not (Murdoch 2006). 

Dominance of inappropriate species 

Annual grasslands These grasslands dominated 
HKNP in the 1970s, 1980s and into the 1990s 
(Sluiter et al. 1997). They have fewer than 20 trees 
per hectare, poor understorey structure, little recruit¬ 
ment of desirable species, little long-lasting organic 
layer and few logs. The ground cover is dominated 
by introduced annuals such as Mediterranean Turnip 
Brassica tournefortii and Onion Weed Asphodelus 
Jistulosus and some native species tolerant of graz¬ 
ing, e.g. Poached Egg Daisy Polycalymma stuartii. 

Honbush shrublands Hopbush shrublands meet 
the conditions described for annual grasslands, 


except they are dominated by Hopbush Dodonaea 
viscosa. Whilst often considered an invasive shrub 
linked to high grazing pressure (Hodgkinson & Har¬ 
rington 1985), D. viscosa only began to dominate 
areas of HKNP in the mid 1990s following a relax¬ 
ation of extreme grazing pressure which had elimi¬ 
nated herbaceous biomass. In HKNP the shrub is 
viewed favourably, acting as protection for palatable 
species and binding the soil. 

Perennial grassland These grasslands arc simi¬ 
lar to annual grasslands but the dominant species are 
native species which are generally only a minor 
component of semi-arid woodlands (LCC 1987), 
e.g. Kerosene Grass Arislida holathera var. ho- 
lathera, and Spear Grass Austrostipa spp. in 
favourable years. Reduced grazing pressure and 
favourable rainfall post-1996 have facilitated phase 
shift 111. 

Persistent weeds This phase is again similar to 
annual grasslands but is dominated by highly inva¬ 
sive species which require targeted control, e.g. Pa¬ 
terson’s Curse Echium plantagineum. 

Alteration of abiotic (soil) factors 

Eroded dunes There are no trees or understorey 
species and little groundcover, and no organic litter 
or logs present on eroded dunes. Actively eroding 
dunes were a feature of the HKNP area from at least 
the early 1900s (Kenyon 1906; Williamson 1913). In 
the 1970s and 1980s they formed a tourist attraction 
and forced the re-alignment of some tracks. Such se¬ 
vere erosion is no longer apparent, although “blow¬ 
outs” are still common. 


USING THE MODEL TO BETTER MANAGE 
SEMI-ARID WOODLANDS 

Just over 18% of HKNP or 9,320 I la is semi-arid 
woodland. Nearly all of this is either grassland or 
degraded woodland. The native grasslands are con¬ 
stantly under pressure from weed invasion and graz¬ 
ing and the transition to eroded duties is possible if 
overgrazing and drought denude vegetation cover 
completely. In the woodlands, approximately 20 Ha 
of direct seeding is carried out per year but at least 
5% of existing trees are lost through senescence 
every year (P. Murdoch, Parks Victoria - Hattah, 
pers. comm. 2005). Whilst rigorous management of 
grazing pressure will allow further regeneration of 
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native species, clearly the rate of restoration is out¬ 
stripped by woodland decline. Substantial increases 
in the area and effectiveness of restoration and 
favourable climatic conditions for regeneration arc 
necessary if semi-arid woodlands are to persist in 
HKNP. 

The S-T model is not intended to provide defin¬ 
itive guidance on pathways to recovery in HKNP. 
Experimental work and long-term monitoring is re¬ 
quired to refine descriptions of communities and 
test transitions and phase shifts. However, the model 
allows identification of the following opportunities 
for restoration: 

1. Exploring why natural recruitment of key 
species is occurring in HKNP and whether this 
knowledge can be used in other areas to enhance 
regeneration. 

2. Investigating other tools such as artificially ini¬ 
tiating the growth of root suckers from suitable 
species to supplement the reintroduction of de¬ 
sirable species via handplanting and direct seed¬ 
ing. 

3. Determining how the transition to the desirable, 
restored woodland community could be 
achieved. 

4. Considering the implications of new and emerg¬ 
ing weed threats. 
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PROMOTING WOODLAND RECOVERY IN THE VICTORIAN 
MALLEE PARKS 


Peter Sandell 1 

■Parks Victoria, P.O. Box 5065, Mildura, Vic. 3502. 

Sandell, P. 2006. Promoting woodland recovery in the Victorian Malice Parks. Proceedings of the Royal 
Society of Victoria, 118 (2):313-321. ISSN0035-9211. 

The declaration of the expanded Malice parks in Victoria in 1991 marked a major change in land 
use for 90,000 ha of semi-arid woodlands now reserved as national park. These degraded woodlands had 
a long history of licenced stock grazing and limited rabbit control. After reservation, stock grazing was 
phased out and a program of intensive rabbit control commenced, aided by the arrival ofRHD virus in 
1996. Kangaroo populations were also managed to a sustainable level. The effectiveness of current graz¬ 
ing management in promoting the recovery of semi-arid woodlands is assessed based on evidence from 
measurements of vegetation condition. Issues that might place the incipient woodland recovery at risk 
are discussed. These include the inevitable decline in the effectiveness ofRHD virus as a biological con¬ 
trol agent of rabbits. 


Key words: Total grazing pressure, woodland recovery, vegetation condition, decreasers, incrcasers, RHD virus. 


IN 1991, as a result of the Land Conservation Coun¬ 
cil (LCC) Malice Area Review of 1989, the area of 
public land reserved within the major Victorian 
Malice national parks (Hattah-Kulkyne NP, Mttrray- 
Sunset NP, Wypcrfeld NP, and Rig Desert WP) in¬ 
creased from 313,750 ha to 1.181,830 ha. Prior to 
reservation, the large blocks of public land in the 
Malice had a 140 year history of intensive stock 
grazing under licence and generally high rabbit pop¬ 
ulations from the time rabbits first arrived in the 
Mallec in the 1870s (Williams etal. 1995). The LCC 
(1989) observed that the combined influence of do¬ 
mestic and feral stock, rabbits, and kangaroos was 
having a detrimental effect upon native vegetation, 
and hence faunal habitat. The LCC (1989) found 
that the most severe impacts of grazing were in the 
woodland, grassland and shrubland communities. In 
accepting the recommendations of the LCC, the Vic¬ 
torian government enacted a scheduled phase-out of 
stock grazing from the area of the new Mallee parks 
over the period 1990-1996. 

At the time of reservation, the semi-arid wood¬ 
lands of the Mallee parks were in a degraded condi¬ 
tion. Semi-arid woodlands are defined as the 
aggregation of several Ecological Vegetation 
Classes (EVCs) dominated by the non-eucalypt 
woody species: Buloke (Allocasuarina luehntannii), 
Slender Cypress-pine (Callitris gracilis ssp. mttr- 
rayensis), Cattlebush ( Alectryon oleifolius ssp. 
canescens), Sugarwood ( Myoporum platycarpum 


ssp. platycarpum ), and Belah ( Casuarina pauper). 
The condition of the semi-arid woodlands at the 
time of reservation was characterised by a high level 
of senescence in the overstorey, an obvious browse 
line for palatable trees, an absence of regeneration 
of the woody dominants, perennial understorey 
species largely replaced by introduced annual 
grasses, and a loss of the cryptogramic crust. The 
shrub layer was particularly affected, with the 
groundflora of most woodlands dominated by intro¬ 
duced annual grasses (Chcal 1983). In the most de¬ 
graded areas, dunes and lunettes had become 
mobilised. There was a uniformly high level of rab¬ 
bit activity. 

Semi-arid woodlands have been described as 
‘perhaps the most susceptible community in Victo¬ 
ria to impacts from rabbits’ (ARIER 2003). Other 
communities, such as chenopod shrublands, are also 
at high risk. Semi-arid woodlands encompass 
90,000 ha within the major Mallee parks: 70,000 ha 
within Murray-Sunset NR 12,000 ha within Wypcr¬ 
feld NR and 9,000 ha within Hattah-Kulkyne NP. 
The inadequacy of control measures meant that rab¬ 
bit populations in the Mallee had generally exhibited 
an eruptive pattern, increasing in response to good 
seasonal conditions and declining as the food supply 
became limiting. This cycle of growth in rabbit pop¬ 
ulations followed by the inevitable collapse is well 
illustrated by data from the Pine Plains area for the 
period 1970-1985. 
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Fig. 2. Rabbit spotlight counts for the Pine Plains area (now incorporated in Wyperfcld NP) for the period 1970-1985. 
(Source of data: Keith Turnbull Research Institute). 


GRAZING MANAGEMENT 

At the time of reservation, rabbit control was con¬ 
sidered to be the highest and most immediate man¬ 
agement priority. It was also recognised that there 
would be an increase in kangaroo densities follow¬ 
ing destocking as had been experienced at I lattah- 
Kulkync NP in the 1980s (Coulson 1990). It was 
assumed that the maintenance of low total grazing 
pressure by means of effective rabbit control and 
kangaroo management would lead to woodland re¬ 
covery given adequate rainfall. An initial target of 
<5 rabbits per km of spotlight transect was consid¬ 
ered to be a level of rabbit abundance that might 
promote woodland recovery and one which could re¬ 
alistically be achieved (National Parks Service 
(NPS), unpub. report 1995). 

Effectiveness of rabbit control 

The investment in ripping and fumigation in the 
north-west corner of Murray-Sunset NP alone was 
S1.75M for the period 1990-1995 (NPS 1995). The 


area treated was 72,000 ha with a unit cost of $24 
per ha over the five year period. Most areas required 
repeated treatments. The initial density of large war¬ 
rens averaged 1.6 per ha. Following the arrival of 
Rabbit Haemorrhagic Disease (RHD) virus in 1996. 
the investment in conventional rabbit control was re¬ 
duced. Rabbit densities declined to historically low 
levels post-RHD and expectations were raised as to 
the levels of control that could be achieved. Fig. 3 il¬ 
lustrates the combined effectiveness of conventional 
rabbit control and RHD virus in reducing rabbit 
abundance in the north-west of Murray-Sunset NP. 

Rabbit counts have averaged less than one per 
km in the north-west of Murray-Sunset NP for a 
nine year period since the arrival of RHD virus. In 
other woodland areas of the Malice parks counts re¬ 
mained below one per km for a shorter periods and 
are now increasing in those areas. At Hattah- 
Kulkync NP, counts remained below one per km for 
eight years (1996-2004) but have subsequently in¬ 
creased to between two and three per km. At Pine 
Plains (northern Wyperfcld NP), counts remained 
below one per km for six years (1996-2002) but are 
now trending up above two per km (Fig. 4). Whilst 
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Fig. 5. Changes in the average rabbit spotlight counts from transects totalling 137 km in the north-west of Murray-Sun- 
set NP 1990-2005. (Source of data: Parks Victoria staffbased at Werrimull). 


these levels of rabbit abundance are still low relative 
to the historical experience, there is evidence that 
even at very low densities rabbits can destroy palat¬ 
able seedlings in a semi-arid environment. Lange 
and Graham (1983) found that in arid and semi-arid 
Australia, rabbits at a density of only one to two per 
hectare could find and eat all Acacia seedlings. 
Based on this evidence and observations of rabbit 
browse of seedlings in the field, the target for rabbit 
control in the recovering semi-arid woodlands of the 
Malice parks has been revised downward to less 
than one per km of spotlight transect. 

Control of other grazers 

The kangaroo management plan for Hattah-Kulkyne 
NP; ‘Restoring the Balance' (Coulson 1990) nomi¬ 
nated a value of five km" 2 for kangaroo density on 
the basis that it was a working estimate of the carry¬ 
ing capacity for kangaroos in the initial woodland 
recovery phase and was also sufficient to maintain a 
viable population in the management area. Subse¬ 


quent investigation by Sluiter (1997) found that a 
lower density was needed to maintain a threshold of 
400kg DW/ha grass forage biomass in years of 
below median rainfall. Annual kangaroo censuses 
indicate that densities have been maintained below 
the assumed carrying capacity of five knr 2 in wood¬ 
land areas of Hattah-Kulkyne NP since 1995, in 
Wyperfeld since 1998, and in north-west Murray- 
Sunset NP since 2001. 

Several ‘habitat manipulation' measures have 
been adopted to reduce grazing pressure. These have 
included the closure of all artificial waters (catch¬ 
ment dams) in Murray-Sunsct NP in the period 
1997-2001. An electrified kangaroo fence was built 
in partnership with the Millcwa-Carwarp Landcare 
Group on the northern boundary of Murray-Sunset 
NP in the period 1992-1998. This has proved to be 
very effective in both protecting crops from grazing 
and reducing kangaroo densities on the fringes of 
the Park (Farrow, unpub. 2001). 

Goats are considered to be a significant threat to 
vegetation and habitat values, particularly in Mur¬ 
ray-Sunset NP. An aerial census of the goat popula- 
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Fig. 4. Changes in the average rabbit spotlight counts from transects totalling 123 km in the Pine Plains area of Wyper- 
feld NP 1995-2005. (Source of data: Parks Victoria staff based at Speed). 


tion in the southern half of Murray-Sunset in 2000 
estimated the density to be 1.3 km -2 . Subsequent 
censuses found densities to be 0.55 kill' 2 in 2002 
(drought year) and 0.36 knr 2 in 2004. In 2003 a part¬ 
nership was forged between Parks Victoria and the 
Sporting Shooters Association of Australia (SSAA) 
who assist with goat control. 

WOODLAND RECOVERY 

Rainfall 

Regeneration events within semi-arid woodlands 
were assumed to be episodic with events at 5-50 
year intervals depending upon the species and the 
rainfall regime (Westbrooke 1995, Sluiter el al. 
1997). The period of lower grazing pressure since 
1991 has coincided with a cycle of lower rainfall in 
the Victorian Mallee. If regeneration events were to 
occur, they would more likely have been in 1992-93 
or 2001-03 during which above-average rainfall was 
recorded for successive 6 month intervals. Figure 5 
illustrates the rainfall for six month intervals (winter 
and summer) but tends to mask the fact that there 
has been a greater deficit in the winter (more effec¬ 
tive) rainfall. 


Internal assessment of woodland recovery 

A comprehensive Mallee parks vegetation monitor¬ 
ing program was conducted in the Mallee parks from 
1991-1998 and the results were published by Parks 
Victoria in 2002 (Sandcll ct al.). The program was 
limited to Wyperfeld and Murray-Sunset NPs be¬ 
cause separate vegetation monitoring was being un¬ 
dertaken at Hattah-Kulkyne NP (Sluiter et al. 1997). 
The Mallee parks program was based on a network 
of grazing exclosures, each of six ha. located at 12 
sites in Wyperfeld NP and Murray-Sunset NP. There 
were two fenced treatments and two unfenced treat¬ 
ments at each site (single replication). Seven of the 
sites are within semi-arid woodland. The purpose of 
the program was to isolate total grazing pressure 
from other factors which might influence vegetation 
recovery. Measurements of floristic and structural 
changes (regrowth of woody perennials) were made 
al half yearly intervals. The floristic measurements 
involved an assessment of the comparative yield of 
‘increasers’ and ‘decreascrs’ in the ground layer. 'In- 
creasers" being defined as those species in the pas¬ 
ture layer which are tolerant of high grazing pressure 
(unpalatable), whereas ‘decreasers’ are those species 
which are intolerant of high grazing pressure (Lands- 
berg et al. 1997). 
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Fig. 5. Rainfall at Annuello (central Mallee) for the period 1991 - 2005. Rainfall is shown for 6 month intervals: winter 
(Apr-Sep) and summer (Oct-Mar) relative to the mean rainfall for the same periods. (Source of data: Bureau of 
Meteorology). 


The Parks Victoria vegetation monitoring pro¬ 
gram (1990 - 1998) came to the following conclu¬ 
sions with respect to changes in the condition of 
semi-arid woodlands over the nine year period 
(Sandell et al. 2002). 

• The status of 'decreasers’ in the ground layer 
improved relative to ‘inereasers’ in response to 
reduced grazing pressure, but there was no con¬ 
clusive evidence that native perennial grasses 
have displaced introduced annuals in the ground 
layer. 

• Shrubs now represent a higher proportion of 
biomass in the ground layer - particularly 
chenopods such as Ruby Saltbush (Enchylaena 
tomentose var tomenlosa) and Sclerolaena spp. 

• There has been extensive vegetative (sucker) re- 
growth of Cattlebush (refer Fig. 6). This re¬ 
growth has tended to be more persistent within 
grazing exclosures. Slender Cypress-pine 
seedling regeneration has occurred in areas of 
each of the parks but remains absent from large 
expanses. Extensive regeneration of Sugarwood 
has occurred. Limited regeneration was 
recorded of other woody perennials - Belah, Bu- 
loke, Needlewood (Hakea leucoptera ssp. leu- 
coptera), etc. 


Independent assessments of woodland condition 

Parks Victoria commissioned the University of 
Ballarat in 1998 to conduct independent vegetation 
condition assessments within each of the major 
Mallee parks at five yearly intervals in order to eval¬ 
uate progress towards achieving woodland recovery. 
To date, the second assessment has only been com¬ 
pleted for Wypcrfcld NP (1998 & 2004) allowing 
trends in condition for that park to be analysed. Uni¬ 
versity of Ballarat developed a method of condition 
assessment that is based on an index with seven pa¬ 
rameters. These include species richness, native 
ground cover, shrub cover, overstorey dieback, and 
overstorcy age classes. The condition index was 
benchmarked against reference sites which are the 
best examples of the vegetation community in or 
near the park. The benchmarking serves to minimise 
the effect of seasonal factors in index scores. The 
method does not allow for the isolation of grazing 
from other factors the reference sites are not 
fenced. 

The assessment of vegetation condition at 
Wypcrfcld found that the mean condition index for 
Pine-buloke woodland in 2004 was significantly 
higher than was the case in 1998 (University of Bal- 
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Basal circumference(cm) 


Fig. 6. Size class distribution of Cattlebush (Alectryon oleifolius ssp. canescens ) stems from four combined unfenced 
sites within Murray-Sunset NP in 1992 and 1998. (Source of data: Sandell ct al. 2002) 


larat 2005). The improvement in the index was pri¬ 
marily due to an increase in native plant species 
richness, and in native ground cover. Over half 
(53%) of quadrats sampled in 2004 within the Pinc- 
buloke community showed an improvement in their 
condition index over 1998. 16% of Pine-buloke 
quadrats showed a decrease in their condition index. 
A high proportion of Nccdlcwood, and Slender Cy¬ 
press-pine stems were in the 1-10 cm diameter 
(DBH) class. (University of Ballarat 2005). 

Whilst the University of Ballarat do not offer an 
explanation for the general improvement in wood¬ 
land condition at Wyperfcld from 1998-2004, they 
note that “it is likely that management of grazing 
pressure is playing a particularly large role in the de¬ 
tected changes to native vascular plant species rich¬ 
ness. No major rainfall has occurred over the past 
six years to trigger a significant recruitment event, 
however, low levels of recruitment have occurred for 
some species.” (University of Ballarat 2005). 

DISCUSSION 

The evidence from both Parks Victoria vegetation 
monitoring and the independent condition assess¬ 


ments conducted by University of Ballarat points to 
a progressive improvement in the condition of semi- 
arid woodlands in the Mallee parks from the time of 
reservation in 1991. This recovery has been charac¬ 
terised by the regrowth of woody perennials to a 
greater or lesser degree (more common within graz¬ 
ing exclosurcs) and improvements in the ground 
layer (increased cover and species richness). These 
findings validate the assumption at the outset that 
maintenance of low total grazing pressure u'ould 
promote recovery of the semi-arid woodlands. There 
are, of course, exceptions in the form of large areas 
where regrowth of woody perennials has not been 
observed and the persistence of some introduced an¬ 
nuals in the ground layer. Wards Weed (Carrichtem 
annua) is an example of an introduced annual that is 
now more widespread than was the case in 1990. 
Nevertheless, there has been an overall improvement 
in the status of ‘decrcascrs’ in the pasture layer rela¬ 
tive to ‘incrcasers’. 

The absence of regrowth of woody perennials 
from some areas could be due to a lack of seed 
sources or other factors. Regeneration ‘events’ have 
occurred for a number of tree species (Slender Cy¬ 
press-pine, Sugarwood, Needlewood, Cattlebush) in 
the absence of any periods of exceptional rainfall. 
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The Victorian Mallee has in fact experienced a rela¬ 
tively dry cycle since 19991. This evidence is con¬ 
trary to the premise that regrowth of woody 
perennials in a semi-arid environment is dependent 
upon infrequent prolonged rainfall events (eg. two 
successive wet years). However, this may still hold 
true for some tree species. 

In terms of total grazing pressure, the phase-out 
of stock grazing from 1990-95 and the arrival of the 
R11D virus in 1996 both appear to have been key 
factors in promoting woodland recovery (Sandcll ct 
al. 2002). The management of kangaroo populations 
has also been important in ensuring that these native 
herbivores did not increase in response to reduced 
competition from other grazers. Sluiter (1997) 
found that kangaroos at five knv 2 may still be in¬ 
hibiting the regrowth of woody perennials in years 
of below average rainfall. 

Initially it was assumed that rabbit abundance at 
the level of five per spotlight km represented an ac¬ 
ceptable risk to woodland recovery. Evidence from 
other semi-arid areas (Lange & Graham 1983) and 
from local observations of rabbit impacts upon 
seedlings at lower levels of abundance would sug¬ 
gest otherwise. This relates to the selective grazing 
behaviour of rabbits, particularly as conditions be¬ 
come drier. Therefore a lower target for rabbit abun¬ 
dance ( < one per spotlight km) is recommended as 
being appropriate in the recovery phase of semi-arid 
woodlands. 


MANAGEMENT IMPLICATIONS 

The effective management of grazers since 1991 has 
promoted an incipient recovery within semi-arid 
woodlands of the Victorian Mallee parks. Rabbit 
abundance has been at historically low levels since 
1996 due to a combination of conventional control 
measures and the RHD virus. As the effectiveness of 
the biological control agent inevitably declines, 
there will be a need for increased investment in con¬ 
ventional rabbit control in order to maintain the cur¬ 
rent low rabbit abundance. A high standard of rabbit 
control (< one per spotlight km) is required to pro¬ 
tect emerging seedlings based on the evidence from 
studies elsewhere in the arid zone. There may be a 
need to review the current prescriptions for kanga¬ 
roo management on the basis of evidence (Sluiter ct 
al. 1997) that a density of five km -2 is too high to 
protect emergent seedlings in years of less than me¬ 
dian rainfall. Regrowth of trees and shrubs seems to 


have occurred in a continuum and it will be neces¬ 
sary to maintain current low levels of total grazing 
pressure in order to secure woodland recovery. 

There are areas where no regrowth of woody 
perennials has been recorded. This may be due to the 
lack of an adequate seed source or other unknown 
factors. If the seed source is limiting there will be a 
need for active revegetation measures, such as direct 
seeding. There was mixed success with earlier direct 
seeding in the Mallee national parks and prescrip¬ 
tions will need to be refined to optimise the proba¬ 
bility of seedling establishment with this method. 

It remains to be seen whether the prescribed 
level of rabbit abundance (<one per km) can be 
maintained through the application of previous con¬ 
ventional control measures - ripping and follow-up 
fumigation at intervals of two to five years. If there 
is a resurgence in rabbit abundance, as appears pos¬ 
sible from the recent growth in counts at Hattah- 
Kulkyne NP and Pine Plains (Wyperfeld NP), it will 
be necessary to review current practices and levels 
of investment. 

The impact of goats on woodland recovery has 
not been investigated but is thought to be significant 
in the southern half of Murray-Sunset where goats 
are relatively common. Shooting, in partnership 
with the SSAA, and the closure of catchment dams 
have both been useful in reducing goat abundance - 
particularly in summer when water becomes limit¬ 
ing. 1 lowcver other measures, such as fencing of the 
southern boundary of the park should also be ex¬ 
plored. Fencing of the northern boundary has been 
effective in reducing grazing pressure on the park 
fringes. 
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PRAYING FOR RAIN: BEHAVIOURAL AND DEMOGRAPHIC 
RESPONSES OF WESTERN GREY KANGAROOS TO 
SEVERE DROUGHT 
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Coulson, G., 2006. Praying for rain: behavioural and demographic responses of western grey kangaroos 
to severe drought. Proceedings of the Royal Society of Victoria 118 (2): 323-332. 

The Victorian Malice experienced severe drought from late 2001 to mid 2003. Birthday Plains, in 
Murray-Sunset National Park, supported a high density of western grey kangaroos (Macmpus fuligi- 
nosus ) at the beginning of the drought. By mid 2002, a shot sample of kangaroos (n = 355) was heavily 
female-biased (79% females). Only 26% of the adult females carried pouch young, and these young were 
also female-biased (65% females). As the drought intensified, faecal pellet counts showed that feeding 
activity was concentrated on low sandy rises in degraded pine-buloke Semi-arid Woodland, while adja¬ 
cent Plains Grassland and Chenopod Mallee flats were rarely used. Four of the five kangaroos radio-col¬ 
lared died during the drought. The sole survivor, an adult female, had a small home range (Minimum 
Convex Polygon =121 ha), occupied mostly mallee habitat, and moved to a natural depression whenever 
light rain fell. 


Kcv words : Macropus fuliginosus , drought, habitat use, fecundity, mortality 


THE WESTERN GREY KANGAROO, Macropus 
fuliginosus (Desmarest 1817), is the characteristic 
macropodid marsupial of the malice. The geo¬ 
graphic range of this species completely encom¬ 
passes the distribution of mallee ecosystems (Kirsch 
& Poole 1972). and the association between the 
western grey kangaroo and mallee has long been 
recognised (Wakefield 1966), as attested by the col¬ 
loquial name ‘malice kangaroo’ (Poole 1995; 
Mcnkhorst & Knight 2004). Despite this close asso¬ 
ciation between the species and mallee, western 
grey kangaroos occur at only low population densi¬ 
ties in extensive, homogeneous tracts of mallee, 
which provide only suboptimal habitat for kanga¬ 
roos (Short & Grigg 1982). In contrast, more het¬ 
erogeneous malice landscapes often provide a mix 
of open, grassy foraging patches interspersed with 
shrubland and woodland cover, which allows west¬ 
ern grey kangaroos to attain high local densities 
(Coulson 1993). Being the dominant native herbi¬ 
vores of mallee ecosystems (Bennett et al. 1989), 
western grey kangaroos are capable of exerting a 
major influence on the biotic and abiotic compo¬ 
nents of the ecosystem, by consuming vegetation 
such as seedlings of trees and shrubs (c.g. Leigh et 
al. 1989), or by other behaviour such as digging hip- 
holes at the base of shady trees (e.g. Eldridge & 
Rath 2002). It is now deemed necessary to control 


the impacts of western grey kangaroos in parts of 
Victoria’s mallee park system (e.g. Sluiter et al. 
1997; Sandcll et al. 2002) to reverse the degradation 
caused by decades of overgrazing by native and in¬ 
troduced herbivores. 

A solid understanding of the ecology of the 
western grey kangaroos is pivotal to the manage¬ 
ment of this species over appropriate temporal and 
spatial scales. One factor that is poorly understood is 
drought. The geographic range of the species covers 
the southern portion of mainland Australia, which 
has a Mediterranean-type climate of cool, wet win¬ 
ters and warm, dry summers (Caughley et al. 1987). 
However, drought is a recurring feature of the semi- 
arid parts of the range (Robertson et al. 1987), 
where mallee ecosystems occur. Droughts are usu¬ 
ally the outcome of El Niiio-Southern Oscillation 
(ENSO) events, but the unpredictability of these 
events makes planning for a study difficult. Instead, 
our knowledge of the impact of drought on the west¬ 
ern grey kangaroo comes from ecological studies 
that have coincided with drought events. The most 
comprehensive study was conducted at Kinchega 
National Park, in western New South Wales (e.g. 
Robertson 1986; Priddel 1987; Shepherd 1987); it 
began two years before the onset of the 1982-1983 
drought and continued for two years after the 
drought broke. A second study at Hattah-Kulkync 


323 


324 


GRAEME COULSON 


National Park, in north-western Victoria, coincided 
with the break of the 1982-1983 drought and con¬ 
tinued for three years of post-drought recovery 
(Coulson & Norbury 1988; Norbury et al. 1988; 
Coulson et al. 1990). 

This paper reports findings on some aspects of 
the ecology of western grey kangaroos during the 
most recent drought in the Malice. The study was 
conducted at Murray-Sunset National Park, in 
north-western Victoria. It began in 2002, a year of 
severe rainfall deficiency, and continued until the 
drought broke the following year. Unlike at 
Kinchega and Hattah-Kulkync during the 1982- 
1983 drought, kangaroos at Murray-Sunset did not 
have access to permanent water, so the effects were 
expected to be more severe during this recent 
drought. As with previous drought studies, this proj¬ 
ect was not specifically designed to examine the ef¬ 
fects of drought on kangaroos; instead it was 
intended to test predictions about the dispersion of 
kangaroos according to the Ideal Free Distribution 
(e.g. Maguire et al. 2006). Fortuitously, the sampling 
regime for the study planned at Murray-Sunset Na¬ 
tional Park also yielded data on responses to the 
drought at both a population and an individual level. 


METHODS 

Study site 

I conducted this study at Birthday Plains (141° 35’E, 
34° 53’ S) in Murray-Sunset National Park, north¬ 
western Victoria. Birthday Plains is approximately 
5,000 ha, and comprises a mosaic of open plains and 
low dunes covering 1920 ha, within a matrix of 
malice vegetation. White ct al. (2003) provide a 
comprehensive discussion of the vegetation. This 
matrix comprises three Ecological Vegetation 
Classes (EVCs), which provide abundant cover but 
usually little food for kangaroos: Loamy Sands 
Malice is dominated by yellow niallee ( Eucalyptus 
incrassata) and slender-leafed malice (Eucalyptus 
leptophylla). often with a shrubby layer dominated 
by heath tea-tree ( Leptospermum coriaceum): 
Woorinen Sands Malice is dominated by Dumosa 
malice ( Eucalyptus dumosa), slender-leafed malice 
(Eucalyptus leptophylla) and grey malice (Eucalyp¬ 
tus socialis), with dense tussocks of porcupine grass 
(Triodia scariosa) in the ground layer; Chenopod 
Malice Woodland is dominated by oil malice ( Euca¬ 
lyptus oleosa) and white malice (E. gracilis), with a 


ground layer of low shrubs such as hlack bluebush 
(Maireana pyramidata), bladder saltbush (Atriplex 
vesicaria) and twinleaf (Zygophyllum spp.). The 
mosaic of open habitats within this matrix com¬ 
prises three EVCs, which generally offer good for¬ 
aging habitat for kangaroos: a degraded form of 
Sandplain Grassland, which resembles the shrub and 
field layers of Chenopod Malice Woodland, occurs 
on open plains, comprising 62% of non-mallee habi¬ 
tat, and is dominated by bluebush and saltbush; 
Plains Grassland (27%) also occurs on open plains, 
but is dominated by speargrass (Austrostipa spp.); 
Semi-arid Woodland (11%) occurs on low sandy 
rises, and is dominated by slender cypress pine (Cal- 
litris gracilis) and buloke ( Allocasuarina luehman- 
nii), with a ground layer dominated grasses, 
particularly speargrass and common wallaby-grass 
(Austmdanthonia caespitosa). 

The western grey kangaroo was the dominant 
mammalian herbivore on Birthday Plains at the be¬ 
ginning of this study, occurring at a density of 43.9 
knr 2 in the winter of 2000 (Morgan 2000). Red kan¬ 
garoos (M. njits) also occurred at the site, but at very 
low densities (0.1 knr 2 ) (Morgan 2000). The density 
of feral goats (Capra hircus) was also generally low, 
but fluctuated depending on the availability of water 
and the intensity of control measures. European rab¬ 
bits (Oryetolagus cuniculus) had been reduced to low 
levels (< 1 rabbit per spotlight km) by the introduc¬ 
tion of Rabbit Calicivirus and ongoing warren-rip¬ 
ping work (Sandell et al. 2002). 

Early pastoralists constructed eight earth tanks 
to hold water for stock at Birthday Plains. These 
were constructed in natural low points within Plains 
Grassland, and many were fed by shallow channels 
radiating from the tank. All of these artificial water 
points were closed in the late 1990s by bulldozing 
the earth banks into each basin, but they have since 
subsided to some extent so that they held water for 
weeks after heavy rain, as did other natural depres¬ 
sions in the area. 

The nearest meteorological station to Birthday 
Plains is the Malice Research Station at Walpeup, 45 
km to the south east (Bureau of Meteorology). The 
climate at Walpeup is strongly seasonal: January has 
the highest mean daily minimum (I4°C) and maxi¬ 
mum (32°C) temperatures, and July the lowest min¬ 
imum (5°C) and maximum (I5°C). Median annual 
rainfall is 343 mm, and is also strongly seasonal 
(Fig. I): January has the lowest monthly median (10 
mm) and August the highest (35 mm). The climate 
at the study site could be expected to be essentially 
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Fig. I. Long-term median monthly rainfall and actual monthly rainfall recorded at the Malice Research Station, 
Walpeup, 45 km south-east of Birthday Plains. Data from Bureau of Meteorology, 


the same as at Walpeup, although rainfall observa¬ 
tions may differ at specific times in summer due to 
the patchy distribution of thunderstorms. 

This study commenced in January 2002. Rain¬ 
fall for much of the previous year had been close to 
the long-term monthly median, with the exception 
of April, when only 3 mm of rain fell (Fig, 1). An ex¬ 
tended, 17-month period of rainfall deficiency 
began in November 2001 and continued until April 
2003. During this drought, rainfall was substantially 
less than the monthly median in all but two months, 
December 2002 and February 2003, when heavy 
thunderstorms occurred. Heavy rain also fell at 
Birthday Plains at the time, but soon evaporated in 
the hot and windy conditions. The drought effec¬ 
tively ended in May 2003, which was the first of a 
sequence of months of rainfall alternating above and 
below the monthly median (Fig. 1). 

Demography 

Western grey kangaroos were culled at Birthday 
Plains over a total of six nights in April, May and 
June 2002, as part of the kangaroo management pro¬ 
gram for the park. Culling was conducted by a pro¬ 
fessional shooter, accompanied by a Parks Victoria 
ranger who acted as observer and recorder. Shooters 
were instructed to target kangaroos as they were en¬ 
countered, with no deliberate selection for sex or size 
classes. Kangaroos were located by spotlight and 


killed by a shot to the head, in accordance with the 
national Code of Practice for the humane shooting of 
Kangaroos (Council of Nature Conservation Minis¬ 
ters 1985). The ranger inspected the pouch of each 
female, and killed small pouch young by decapita¬ 
tion and large young with a captive-bolt pistol, in ac¬ 
cordance with the code. The ranger recorded the sex 
and age class of adult and sub-adult kangaroos (n 
355), and the sex of pouch young (n = 65). The kan¬ 
garoo carcasses were left in place to decompose. 

The culling program was suspended as the 
drought intensified. It was apparent that many kan¬ 
garoos died of natural causes in the following 
months, particularly during the summer of 2000/03. 
Once the drought had broken, I collected skulls of 
kangaroos that I judged had died during the drought, 
specifically excluding any skull that showed evi¬ 
dence of having been shot. I collected this ‘pick-up’ 
sample (n = 112) haphazardly while walking around 
the study area to radio-track kangaroos (see below) 
or mark out transect lines for other components of 
the project. 1 measured the molar index of each skull 
(after Kirkpatrick 1965) and, in the absence of a cal¬ 
ibration scale for the western grey kangaroo. I esti¬ 
mated the age of the skulls using Kirkpatrick’s 
(1965) regression for its sibling species, the eastern 
grey kangaroo (A/, giganteus). I was unable to con¬ 
fidently determine the sex of many skulls using 
Kirkpatrick’s (1965) discriminant values for eastern 
grey kangaroos, so did not analyse the sex composi¬ 
tion of this sample. 
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Fig. 2. An example of the arrangement of ten circular 
faecal accumulation plots and two paired biomass plots 
placed at random on a 4 x 4 (60 x 60 m) sample grid used 
at Birthday Plains. 


Habitat use 

I established a set of 25 sample grids across the 
study site between January and June 2002. These 
were arranged in five bands, with five grids in each, 
matching the alignment of large patches of open 
habitat and spaced approximately 1.5 km apart. I se¬ 
lected grids that were relatively uniform in topogra¬ 
phy and vegetation, and that had few if any trees or 
shrubs. I retrospectively classified these grids into 
three types of foraging habitat (see White et al. 


2003): degraded Semi-arid Woodland (n = 4), with 
patchy grass cover and few living trees; Plains 
Grassland (n = 6), dominated by closely-cropped 
grass tussocks; and treeless patches of Chenopod 
Malice Woodland (n = 15), with patchy grass cover 
among scattered chenopod shrubs. 

Each grid was 60 x 60 m in size, with 16 sample 
points marked with a central peg, as illustrated in 
Figure 2. On each grid I selected two sample points 
at random to have paired (grazed and ungrazed) 1- 
m 2 biomass plots. I constructed the cxclosures of 
rabbit netting looped in a circle, held upright with 
two short steel posts and anchored in the ground 
with two tent pegs. 1 also selected ten sample points 
on each grid at random for faecal accumulation 
plots. I marked the perimeter of each circular plot 
using a 3.99-m length of cord looped over the cen¬ 
tral peg and, with the assistance of volunteers, raked 
each plot clear of kangaroo faecal pellets. We subse¬ 
quently counted and removed all newly-deposited 
pellets at two-monthly intervals from June 2002 to 
October 2003. 


Home range 

With the assistance of park staff and volunteers, I 
captured five adult kangaroos (2 males and 3 
females) in August and October 2002 (Table 1). We 
searched the open habitats of the study area in a 
four-wheel-drive utility vehicle, and located kanga¬ 
roos by spotlight. When a kangaroo remained sta¬ 
tionary and presented a good target at a range of s 
40 m, we fired a lightweight injection arrow from a 
Wildvet Pro-medic crossbow into the muscle mass 
of the hindlimb. This injected Zoletil 100 (1:1 
Zolczapani and Tiletamine, Virbae) at an estimated 
dose rate of 5 mg/kg body weight. Induction time 
was < 12 min, resulting in immobilisation and 


No 

Sex 

Pes length 
(mm) 

Crus length 
(mm) 

Body mass 
(kg) 

Capture date 

No of 
fixes 

Last date seen 

1 

male 

315 

550 

35.5 

Aug 2002 

1 

Aug 2002 

2 

female 

320 

520 

31.5 

Aug 2002 

15 

Jul 2006 

3 

female 

310 

525 

27.5 

Oct 2002 

7 

Feb 2003 

4 

female 

290 

485 

20.5 

Oct 2002 

2 

Dec 2002 

5 

male 

325 

550 

27.0 

Oct 2002 

1 

Oct 2002 


Table I. Sex, morphometric data, capture date and tracking duration and for five adult western grey kangaroos radio- 
collared during drought conditions at Birthday Plains. 
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Age (years) 


Fig 3. The frequency distribution of estimated ages of pick-up skulls of western grey kangaroos (n = 122) at Birthday 
Plains. 


anaesthesia for approximately 30 min. Once each 
kangaroo was immobilised, we transferred it to a 
jute wool pack for examination, and took a set of 
standard body measurements. We inserted a unique, 
paired colour combination of Allllcx sheep eartags, 
with matching colours of 3M reflective tape, for vi¬ 
sual identification by day and night (Australia Pty 
Ltd). We also fitted a radio-collar weighing about 
175 g (< 1% of body weight) with a flexible PVC 
neck band, a whip antenna, and a two-stage Sirtrack 
transmitter, which had a unique frequency in the 
150-152 MHz band, a battery life of about 2.5 years, 
and a range of about 3 km in this gently undulating 
landscape. After examination and tagging, we al¬ 
lowed the kangaroos to recover in the open wool 
pack without any further disturbance. As the 
drought deepened, it became apparent that body 
condition of the kangaroos was declining and their 
likelihood of survival was low, so we suspended fur¬ 
ther capture efforts. 

Approximately every two months, from August 
2002 to October 2003, we tracked these kangaroos 
on foot, using a portable Telonics TR-2 receiver and 
Sirtrack hand-held three-element antenna. To ensure 
temporal independence of fixes, we located each in¬ 


dividual once per day over a 5-day period. We also 
searched for them by spotlight from at night. We 
recorded each fix as AMG co-ordinates (Australian 
Geod 1984), using a hand-held Garmin GPS 12 
receiver. 


RESULTS 

Demography 

Of the 315 adult kangaroos sampled during the cull, 
the majority (79%) were females (G = 110.48, df = 
1, p <0.0001). Only 38 sub-adults were shot, but the 
majority of these (74%) were also female (G = 7.62. 
df- 1, p < 0.001). Fecundity, measured as the pro¬ 
portion of the 248 adult females carrying pouch 
young, was only 26%. There was also a significant 
female bias (65% females) in these pouch young (G 
= 5.593, d.f. 1, P < 0.025), which were all were un- 
furred. In 2003, the year after the cull, I observed 
only two recruits (young at foot) that had survived 
the drought. 

The maximum age of the pick-up skulls was es¬ 
timated to be 14 years. Although each year class was 
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2002 2003 

Fig. 4. Mean accumulation rate of faecal pellets of western grey kangaroos in three foraging habitats from June 2002 
to October 2003 at Birthday Plains. Error bars show standard errors. 


represented, two-thirds of the sample fell in the 
range 7-11 years of age (Fig. 3). 

Habitat use 

There was no measurable biomass in any of the 50 
open (grazed) plots from June 2002 to June 2003, and 
only three of the matching (ungrazed) exclosures had 
accumulated some biomass in that time. I therefore 
did not quantify biomass production within the ex- 
closures, or attempt to calculate grazed offtake as the 
difference between open and closed plots. 

I took the mean of the faecal pellet counts in the 
ten plots to give a single value for each grid at two- 
monthly intervals. Mean faecal pellet accumulation 
rate was highest in Semi-arid Woodland grids, rising 
initially to a peak in October 2002. falling steadily 
as the drought continued to a low point in June 2003, 
then rising slightly the following spring (Fig. 4). The 
mean accumulation rates in the other two habitats 
were much lower and were indistinguishable from 
each other (Fig. 4). Both followed the same pattern 
over time as Plains Grassland habitat, with a peak in 
October 2002, although their amplitude was much 
less. 


Home range 

The two kangaroos captured in August 2003 ap¬ 
peared to be in reasonable body condition, but the 
female (# 2) had a regressed teat indicative of a lost 
pouch young. The condition of the three kangaroos 
captured two months later was obviously poor, as 
shown by their body weight for a given crus length 
(Table I). Neither female (# 3 & 4) was lactating, 
and the male (/' 5) moved in an ungainly manner. 

We located both of the radio-collarcd males (# 1 
& 5) the day after they were captured, but could not 
locate them on the next field trip despite extensive 
searches of the Birthday Plains area. Similarly, we 
located one of the females (it 4) only on the morning 
after capture; two months later we found her collar, 
which had apparently been cached by a European 
fox (Vulpes vulpes). We located another female (it 3) 
seven times in October and December 2002, then 
found her carcass in February 2003. Her molar 
index was 3.7, giving an estimate of 9.5 years of age. 
We did not obtain sufficient fixes (n = 7) to accu¬ 
rately determine her home range in this time, but a 
crude Minimum Convex Polygon (Flarris et al. 
1990) yielded an estimate of 34 ha. One female (it 2) 
survived the drought. She occupied a patch of 
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malice and adjacent open grassland, from where she 
made direct movements to an ephemeral water point 
(Big Tank) when light rain fell on several occasions. 
Again, the sample of fixes (n = 15) was insufficient 
for accurate estimation or home range, but a Mini¬ 
mum Convex Polygon estimate was 121 ha. We re¬ 
captured this female in May 2005 and replaced her 
radio-collar, and she was still alive in July 2006. 

DISCUSSION 

The pick-up sample of kangaroos dying during the 
drought at Birthday Plains showed a preponderance 
of kangaroos of middle age (7-11 years), in contrast 
to Robertson’s analysis of pick-up skulls from the 
1982-83 drought at Kinchega, where a higher pro¬ 
portion of sub-adults (1-3 years) and old (> 12 
years) were recorded. The structure of the kangaroo 
population at Birthday Plains was not known before 
the onset of the drought, so it is not possible to iden¬ 
tify the population classes that were most suscepti¬ 
ble to drought. However, data from the cull, which 
was conducted roughly mid-way through the 17- 
month drought, allows some effects of the drought 
to be inferred, and the future trajectory of the popu¬ 
lation to be predicted. 

The cull sample at Birthday Plains showed that the 
adult population was then heavily female-biased (79% 
female), as were the sub-adults (74% female). The 
shooting protocol eliminated any deliberate selection 
for one or other sex, but unintentional selection may 
have occurred due to differences in target size or be¬ 
haviour (e.g. Caughley 1977). I lowever, the larger size 
and slower movement of males suggest that any unin¬ 
tentional shooting bias would be towards them, rather 
than females. The female bias observed in this sample 
may therefore have been an underestimate of the pre¬ 
dominance of females in the broader population. Ex¬ 
treme female bias (78% female) was also reported for 
the Hattah-Kulkyne population after the break of the 
1982-83 drought (Norbury ct al. 1988). 

Fecundity of females shot during the drought 
was very low (26%). This level approached the fe¬ 
cundity rate of 20% reported at Kinchega National 
Park during the 1982-83 drought (Shepherd 1987), 
and was well below the rate of 46% recorded in the 
year after the 1982-83 drought at Hattah-Kulkyne 
(Norbury et al. 1988). There was also a significant 
female bias (65% females) in the pouch young, con¬ 
trary to patterns observed elsewhere for grey kanga¬ 
roos (Johnson & Jarman 1983). 


Taken together, these observations on the struc¬ 
ture and performance of the population at Birthday 
Plains suggest that it was primed for a rapid recov¬ 
ery when drought conditions ended. If the sex bias 
in adults and young persisted, the population that 
emerged from the drought would have consisted pre¬ 
dominantly of mature females, and any pouch young 
and sub-adults that survived would also have been 
mainly females. Once the drought had broken, food 
resources would have been abundant, competition 
among the members of this reduced population 
should have been inconsequential, and survival and 
fecundity could be expected to be high. This effect 
could account for unusually high rates of population 
growth experienced after a drought has broken, such 
as were recorded at Kinchega (Bayliss 1987). 

The sample grids for faecal pellets were posi¬ 
tioned to represent open foraging areas on Birthday 
Plains, using pellet accumulation rate as an index of 
population density, as in numerous studies of 
macropods (e.g. Hill 1981; Ramsay & Wilson 1997; 
Hayward et al. 2005). The small exclosures showed 
that there was negligible production of ground-level 
biomass during the drought. It was also apparent 
that pellet accumulation rate depended strongly on 
the habitat in which the grids were placed, and that 
rates changed over time. Feeding activity was con¬ 
centrated on low sandy rises in degraded pinc-bu- 
loke Semi-arid Woodland; adjacent Plains Grassland 
and Chenopod Mallee Woodland flats were used to 
a much lesser extent. 1 lowever, feeding activity in all 
three habitats declined as the drought intensified, 
and this decline was most marked in Semi-arid 
Woodland. This pattern could have reflected an 
overall decrease in population density as recruit¬ 
ment failed and mortality rose. Alternatively, the be¬ 
haviour of kangaroos may have changed, as they 
increasingly abandoned all open habitats and pre¬ 
sumably spent more time foraging in the surround¬ 
ing mallee. Although the slight increase in pellet 
counts after June 2003 was more consistent with a 
change in behaviour, it was not possible to distin¬ 
guish between these two interpretations, and both 
effects may have been operating. 

Radio-tracking of kangaroos at Birthday Plains 
provided some insights into the behavioural re¬ 
sponse of individuals to the prevailing drought con¬ 
ditions. Theoretically, animals would be expected to 
respond to the lower habitat productivity during 
drought by occupying larger home range in order to 
maintain an adequate intake of food, as has been 
shown in comparisons among populations of species 
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as diverse as black rhinoceros, Diceros bicornis 
(Berger 1997), mule deer, Ododcoileus hemionus 
(Relyea et al. 2000) and red kangaroos (Norbury et 
al. 1994). Three individuals (one female and two 
males) apparently died within two months of cap¬ 
ture, without yielding any data on ranging behav¬ 
iour. Another female (#3) occupied a home range 
which, although based on a small sample size, was 
less than half the smallest range size recorded for 
adult females after recovery from the 1982-83 
drought at Hattah-Kulkyne (Coulson 1993). This fe¬ 
male was 9 years old at death, falling into the age 
range (7-11 years) in which most deaths occurred 
in the pick-up sample, and her mobility was proba¬ 
bly impaired by malnutrition. Only one kangaroo 
(female #2) was confirmed to have survived the 
drought. She occupied an area of approximately 120 
ha, which was within the range recorded for adult fe¬ 
males by Coulson (1993) at Hattah-Kulkyne, How¬ 
ever, she did not show the predicted expansion of 
her home range: her locations during the drought lay 
within the boundary of her subsequent home range, 
which was determined from a robust sample of fixes 
collected after the drought (unpublished data). Sim¬ 
ilarly, Norbury et al. (1994) found that female red 
kangaroos did not reduce their home range size after 
the break of a drought in the Gascoyne Basin, West¬ 
ern Australia. At this individual level, the behaviour 
of female #2 suggested that she survived the drought 
by minimising her expenditure of energy on move¬ 
ment, instead relying on her detailed knowledge of a 
small stand of mallee vegetation adjacent to open 
foraging habitat, while also making brief excursions 
to an earth tank which held water briefly after rain. 
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Parsons, R.F., 2006. Threatened vascular plants of north-west Victoria. Proceedings of the Royal Soci¬ 
ety of Victoria 118 (2): 333-340. ISSN0035-9211. 

The risk codes for all vascular plants in north-west Victoria which arc threatened Australia-wide are 
tabulated from throughout the period 1979 to 2004. Deletions from the list usually reflect discovery of 
new populations in other states while additions usually reflect description of new taxa. The main reasons 
for rarity and threatened status include past land clearance for agriculture, high palatability to grazing 
mammals, confinement to gypseous soil or seasonally-flooded depressions and 'post-fire pioneer’ be¬ 
haviour. Targeted searches are indicated for some recently described or recognized Senecio species. Ex¬ 
isting or planned conservation measures are briefly discussed. 
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THE FIRST LIST of vascular plants which are 
threatened on an Australia-wide basis is that of Hart¬ 
ley and Leigh (1979). followed by the up-dates of 
Leigh et al. (1981), Briggs and Leigh (1988) and 
Briggs and Leigh (1995). Since then, the Australian 
Environment Protection and Biodiversity Conserva¬ 
tion Act 1999 (EPBC Act) has conic into being. 
Using different criteria to the four references above, 
under this Act the Australian Department of Envi¬ 
ronment and Heritage (ADEH) now maintains a list 
of plants threatened Australia-wide. A convenient 
recent list of the EPBC risk codes for nationally 
threatened Victorian plants as well as their statewide 
threat status, accurate as at December 2004 is found 
in Victoria: Department of Sustainability and Envi¬ 
ronment (2005) (called VDSE (2005) hereafter). 

In this paper, I use the five references above to 
establish the extent to which the vascular flora of 
north-west Victoria is currently threatened al an 
Australia-wide level and to see whether conserva¬ 
tion measures in the 26 years since 1979 have made 
any detectable difference to the degree of threat. I 
also provide a general discussion of plant conserva¬ 
tion problems al species level in the region and as¬ 
sess which threatening processes arc most 
important. Like the EPBC listing, I have not dealt 
with species that are simply rare but not otherwise 
threatened. Earlier related papers include Parsons 
and Browne (1982), Groves and Parsons (1989), 
Parsons (1990), Cheal et al. (1992) and Scarlett and 
Parsons (1993). Throughout the paper I will use let¬ 
ters for Australia-wide risk codes as follows: X = ex¬ 
tinct, E = endangered, V = vulnerable, R = rare, K - 
poorly known. Lower case of those letters will de¬ 


note a risk-code Victoria-wide but not Australia- 
wide. Species nomenclature follows Ross and Walsh 
(2003) unless species authors are given. 

THE RISK CODES FROM 1979 TO 2004 

At present, using Region 59 of Briggs and Leigh 
(1995) to represent the Victorian Mallee. there are 
seven species which are threatened Australia-wide, 
with a range from three to six in previous years 
(Table 1). For the Victorian Mallee, deletions from 
the Australia-wide threatened list often reflect the 
discovery of new populations in other states (Phleg- 
matospermum eremaeum, Spyridium nitidum, 
Stenanthemum notiale), while additions often reflect 
description of new taxa ( Austrostipa nullanulla, 
Pterostylis xemphila). Despite the fact that the 
EPBC list in VDSE (2005) uses different risk-code 
criteria to the earlier lists, the only difference in Aus¬ 
tralia-wide risk-codes between Briggs and Leigh 
(1995) and VDSE (2005) is that Swainsona py- 
rophila has changed from R back to its earlier V 
(Table 1). 

Since VDSE (2005) was published, the only 
change to the EPBC list affecting NW Victoria is the 
addition of the sedge Eleocharis obicis (as vulnera¬ 
ble) (D.G. Cameron, personal communication). This 
predominantly Quecnsland/New South Wales species 
has now been collected from three locations in NW 
Victoria (major grids G and II) in the period 1995 to 
2004, in all cases from private property. The species 
is found in ephemeral pools in native perennial grass¬ 
land (N.G. Walsh, personal communication). 
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Species & family 

1979 

1981 

Risk codes 
1988 

1995 

2004 

States 

found 

Date of 
AS or RP 

Notes 

Austrostipa nullanulla 
Poaccae 

- 

- 

R 

V 

V 

SNV 

None 

Not described until 1983 

Haegiela tatei 

Asteraceae 

- 

- 

K 

K 

V 

WSV 

None 

On some early lists as 
Epaltes tatei 

Halo sure in Jlabellifonn is 
Chenopodiaceae 


" 

V 

V 

V 

SV 

1999 

Not described until 1980 

Hyalosperma stoveae 
Asteraccac 

- 

- 

" 

K 

e 

WSV 

None 

For Victoria, a single 

1978 collection 

Lepidium monoplocoides 
Brassicaccac 

- 

- 

E 

E 

E 

NV 

In draft 


Myriophyllum porcatum 
Haloragaceae 

- 


V 

V 

V 

V 

In draft 

Not described until 1981 

Phebalium lowanense 
Rutaceae 

Phlegmatospermum 

V 

V 

V 

V 

V 

SV 

None 


eremaeum 

Brassicaceae 

V 

V 

K 

K 

V 

WSNV 

None 


Pterostylis xerophila 
Orchidaccac 

- 

- 

- 

V 

V 

SV 

None 

Not described until 1986 

Spyridium nitidum * 
Rhamnaceae 

V 

R 

R 

R 

e 

SV 

2003 

On some early lists as 

S. spathulatum 

Stenanthemum notiale 
Rhamnaceae 

V 

- 

“ 

- 

X 

WSV 

None 

On some early lists as 
Spyridium tridentatum 

Swainsona pyrophitu 
Fabaccac 

- 

E 

V 

R 

V 

SNV 

In draft 

On some early lists as 

S. laxa 

* In 2003, only 1 plant (on 

a roadside) was left in Victoria (Tumino 2003) 




Table I. Vascular plant species found in Region 59 of Briggs and Leigh (1995) which have been listed as threatened or 
poorly known Australia-wide at tiny time between 1979 and 2004. giving risk codes. Region 59 is the Victorian Malice. 
Sources for risk codes as follows: Hartley and Leigh (1979); Leigh et al. (1981); Briggs and Leigh (1988); Briggs and 
Leigh (1995); VDSE (2005). For risk codes, x = extinct; E = endangered; V = vulnerable; R = rare; K = poorly known. 
Lower case denotes a risk code Victoria-wide but not Australia-wide. For the Australian states, N = New South Wales, S 
= South Australia, V - Victoria, W = Western Australia. AS = action statement; RP - recovery plan. 


As well as the Region 59 species (Table 1), I 
have also tabulated species threatened Australia¬ 
wide for which there are records close to Region 59 
from the Lowan Malice, Murray Mallee and Rive- 
rina regions of Walsh and Entwisle (1994-1999) 
(Table 3). These are discussed later. 


REASONS FOR RARITY AND 
THREATENED STATUS 

All species in Table 1 were originally spread widely 
over more than one state except for Myriophyllum 


porcatum, know n originally front seven Victorian 
sites spread over at least 275 km 2 . Thus, no species 
is a narrow endemic (Stebbins 1980). 

Past land clearance for agriculture is the most im¬ 
portant single reason for threatened status in the re¬ 
gion. being critically important for six of the species 
tabulated (sec Table 2). While this is especially im¬ 
portant for species from fertile soils like Lepidium 
monoplocoides, Phlegmatospermum eremaeum and 
Swainsona pytvphila, it also applies to the more re¬ 
cent clearing of the infertile ‘white sand' country of 
the southern Big Desert in the cases of Phcbalium 
lowanense and Spyridium nitidum (Table 2). 
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Species and family 

Life form 

Ecology 

Main threats 

Austrostipa nullanulla 

Poaeeae 

Perennial herb 

Mallee scrub, grassland 
on flour gypsum 

Mammal grazing 

Haegiela tatei 

Asteraceae 

Annual 

Salt marsh in 
gypseous areas 

Gypsum mining 

Halosarcia Jlabelliformis 
Chenopodiaceae 

Low shrub 

Saltmarsh in 
gypseous areas 

Vehicle access, altered 
hydrology 

Hyalosperma stoveae 
Asteraceae 

Annual 

Malice scrub 

Not known 

Lepidium monoplocoides 
Brassicaceae 

Annual/perennial herb 

Mallee scrub, woodland, 
chcnopod shrubland 

Agriculture, mammal 
grazing, altered hydrology 

Myriophyllum porcatum 
Haloragaceae 

Aquatic annual 

Temporary pools 

Agriculture, vehicle access, 
weeds, altered hydrology 

Phebalium lowanense 

Rutaceae 

Low shrub 

Heath and mallee heath 

Agriculture 

Phlegmalospermum eremaeum 
Brassicaceae 

Annual 

Mallee scrub 

Agriculture 

Pterostylis xeropliila 
Orchidaceae 

Geophyte 

Belah woodland, 
Leptospermum and 
Melaleuca thickets 

Mammal grazing 

Spyridium nitidum 

Rhamnaceae 

Low shrub 

Mallee scrub 

Agriculture, vehicles, 
grazing 

Stenanthemum notiale 
Rhamnaceae 

Low shrub 

Post-fire pioneer, 
mallee heath 

Possibly reduced fire 
frequency 

Swainsona pyroplula 

Herb with 1-2 yr 

Post-fire pioneer, 

Agriculture, mammal 

Fabaceae 

lifespan 

mallee scrub 

grazing, possibly reduced 
fire frequency, sand mining 


Table 2. Life form, ecology and threats for the threatened species shown in Table I. The notes on ecology and threats are 
based only on data for the Victorian Mai lee. 


Mammal grazing of palatable species, especially 
by rabbits, sheep, cattle and kangaroos, often con¬ 
tributes to threatened status in cases like Austrostipa 
nullamdla, Lepidium mpnoplocoides, Swainsona 
murrayana and S. pyroplula (Tables 2, 3; Parsons 
and Browne 1982; Cheal ct al. 1992). High palata- 
bility to grazing mammals can lead to whole genera 
being particularly prone to endangerment as is the 
case with Lepidium (Hewson 1981) and Swainsona 
(Earl et al. 2003). 

A different group is represented by species from 
gypseous soils, both non-saline types (Austrostipa 
nullamdla) and saline ones (Haegiela tatei, 
Halosarcia jlabelliformis (Table 2) as well as 
Trichanthodium baracchianum (Table 3). Their con¬ 
servation status partly reflects their rarity, given that 
gypseous areas are small and widely scattered in 
Australia. The actual threats include gypsum min¬ 
ing, mammal (especially rabbit) grazing and vehicle 
access (Table 2). Further examples from this group. 


rare or threatened Victoria-wide, include Atriplex 
papillata (r), Dysphania simulans (e), Kippistia 
suaedifolia (v), Swainsona purpurea (e), Trichan¬ 
thodium skirrophorum (v) and Zygophvllum com¬ 
pression (v) (sec Parsons and Browne 1982). 
Research is urgently needed to find out to what ex¬ 
tent rising regional saline groundwater tables pose a 
threat to the native flora of saline and gypseous soils 
(Cheal et al. 1992; Scarlett and Parsons 1993). This 
whole group of species from gypseous soils is partly 
a case of rarity caused by species localization, where 
unusual habitat conditions produce 'ecological is¬ 
lands’(Stebbins 1980). 

A third group is found in small, shallow, season¬ 
ally-flooded depressions, another example of small, 
scattered, ‘ecological islands’ but in this case where 
the flooding and so the ‘islands’ themselves may be 
present only rarely. This group includes the annuals 
CaUitriche cyclocarpa , Eriocaulon australasicum, 
and Myriophyllumporcatum (Tables I, 3) as well as 
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Species and family 

Risk- 

code 

Major 

grids 

Regions 

Other 

states 

found 

Life 

form 

Notes 

Acacia glandulicarpa 

Fabaceae 

V 

B,C 

LM 

S 

Low 

shrub 

The major grid B record is 
based on a single 1985 
collection which falls just 
within Region 59. 

Callilriclie cyclocarpa 
Callitrichaceae 

V 

C,E,G, 

L,M,N 

R 

N 

Aquatic 

annual 

The NW Victorian record is 
from Swan Hill (1890). 

Eriocaulon australasicum 
Eriocaulaceae 

E 

D,F 

MM 


Aquatic 

annual 

Walsh and Entwislc (1994- 
1999) treat this as a Victorian 
endemic. The only NW 

Victorian record is from 1853. 

Lepidium pseudopapillosum 
Brassicaceae 

V 

C,H,M 

? 

S 

Low 

shrub 

Recorded from ‘Pinks Mallec, 

S of Wychcproof’ (1918) 
(Hewson 1981). 

Maireana cheelii 
Chenopodiaceae 

V 

G,H,M 

R 

N,Q 

Low 

shrub 

The NW Victorian records arc 
from the Mystic Park area, SE 
of Swan Hill and near Birchip 
and Kerang. 

Senecio behrianus 

Asteraceae 

E 

D,G,H, 

L,M,N 

R 

S,N 

Perennial 

herb 

The NW Victorian records are 
from Swan Hill (1892, 1916) 
and Lake Charm near Kerang 
(1925). 

S. helichtysoides F.Muell. 
Asteraceae 

?X 

C 

MM 

S,N 

Herb 

Not collected since the mid- 
1800s. In Victoria, only from 
Lake Hindmarsh. Sec 

Thompson (2004a). 

S. murrayanus 

Asteraceae 

X 

B,G 

MM,R 

N 

Annual 

Not collected in Victoria since 
1900. 

S. productus I. Thomps. 
Asteraceae 

?k 

A,L 

MM,R 

S,N 

Annual 

In Victoria, known from two 
collections. See Thompson 
(2005). 

Swainsona murrayana 

Fabaceae 

V 

C,G,M 

R 

S,N,Q 

Perennial 

herb 

In NW Victoria, there are 
recent records near Mystic 

Park and old records from 

Swan Hill and Kerang. 

Trlchanthodium barrachianum 
Asteraceae 

V 

C 

MM 

None 

Annual 

The NW Victorian records are 
from the area between Jeparit 
and Antwerp. 


Table 3. Vascular plant species threatened Australia-wide for which there are records from Malice or Riverina areas of 
Region 60 close to Region 59 of Briggs and Leigh (1995). Major grids and regional codes (NW Victoria only) from Walsh 
and Entwislc (1994-1999) except where noted. LM = Lowan Mallec; MM = Murray Malice; R - Riverina. Risk-codes 
from VDSE (2005) except where noted. 


Eleocharis obicis (see above). Similar cases are an¬ 
nuals from rarely-flooded lakebeds and floodplains 
like Cullen cinereum (e) and Mukia mienmtha (r) 
(Parsons and Browne 1982). Changes in hydrologi¬ 
cal regime represent a possible threat to such 
species, including increasing height and salinity of 


water tables and the altered flow regime of the Mur¬ 
ray-Darling river system (Cheal et al. 1992). 

A fourth group comprises species which were 
thought to be very rare or even extinct during long 
periods of fire exclusion, but which have then ap¬ 
peared en masse after fire. These post-fire pioneers 
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include Pimelea williamsonii (v), Stenanthemum 
notiale (x) and Swainsona pyrophila (V) (Table I; 
Parsons 1990) as well as the annual grass Aus- 
trostipa macalpinei (r) (Willis 1970), their behav¬ 
iour being based on soil storage of hard seeds 
(Parsons and Browne 1982). Further rare or threat¬ 
ened examples include Calotis cymbacantha (r), 
Nicotiana goodspeedii (r), Senecio pilosicristus I. 
Thomps. (v) and Trachymene thysanocarpa J.M. 
Hart (r) (Cheat 1980. where the latter two are given 
as .S', magnijicus and T. anisocarpa respectively). 

For some post-fire pioneers, extreme rarity ‘may 
indicate merely an inappropriate fire regime’ (Cheal 
1980) and their re-appearance shows that some such 
species ‘are not lost during periods of fire-exclusion 
lasting decades or even centuries’ (Weston 1985). 
However, searches show that Pimelea williamsonii 
and Swainsona pyrophila are now very rare to ab¬ 
sent in suitable, recently-burnt areas (Parsons 1990; 
Earl et al. 2003). For such cases, work is badly 
needed to see if loss of seed viability can occur dur¬ 
ing long periods without fire. 

Similar, but more generalized pioneer behaviour 
is found in a group of threatened, hard-seeded Mal¬ 
vaceae in NW Victoria, viz. Abulilon J'raseri (e), A. 
otocarpum (v), Lawrencia berlhae (v), Radyera far- 
ragei (v), Sida ammophila (v), S.fibulifem (v), S. in- 
tricata (v) and .S', spodochroma (v) (Parsons and 
Browne 1982; VDSE 2005). These species are pre¬ 
dominantly from fertile loams, usually close to the 
Murray River in areas which have been largely 
cleared for agriculture. The fact that they become 
very rare or absent in undisturbed areas contributes to 
their rarity and threatened status. A further group of 
hard-seeded species with strong pioneer tendencies in 
the area and nearby is comprised of Convolvulus 
clementii (v), C. crispifolius (r), C. microsepalus (x) 
and C. recurvatus (r). 

A problem for deciding threatened species pri¬ 
orities which is especially important in semi-arid 
and arid areas is that some species only appear in¬ 
termittently after specific, infrequent, rainfall 
events. For example, in NW Victoria, the hard- 
seeded annual Abulilon oxycarpum (v) appeared in 
only five years out of 15 and can be absent from a 
site for al least six years before re-appearing. At the 
site studied, 26 mm (in the warm season) was the 
minimum rainfall event which produced seedling 
emergence (Parsons and Browne 2000). Such be¬ 
haviour contributes to rarity but not to threatened 
status as long as the natural rainfall cycle continues, 
the main threat in this case being mammal grazing 


(Parsons and Browne 2000). Similar cases are dis¬ 
cussed by Parsons and Browne (1982). For species 
like this, which appear briefly following particular 
environmental triggers and then disappear for years 
until the trigger recurs (e.g. the triggers of fire, 
flooding or rainfall), Lang and Kraehenbuhl (1990) 
use the term ‘transient species’. 

Cheal et al. (1992) provide some further details 
on threatened species and threats in NW Victoria not 
given above. 


POSSIBLE FUTURE ADDITIONS TO 
THE EPBC LIST 

As well as threatened species from the EPBC list, in 
Table 3 I have tentatively included Senecio lie- 
lichrysoides, S. murrayanus and S. productus, which 
recent work (Thompson 2004a, 2004b, 2005) sug¬ 
gests are threatened Australia-wide, or at least likely 
to be. Given that S. helichtysoides has not been col¬ 
lected anywhere since the mid-1800s (Thompson 
2004a), targeted searches are clearly needed to es¬ 
tablish whether it is extinct. S. murrayanus is diffi¬ 
cult to categorize because it only appears in 
occasional wet years (I.R. Thompson, personal com¬ 
munication). Of the 11 collections known from New 
South Wales, only four are post-1962, with 1988 
being the most recent, while the four Victorian col¬ 
lections arc all prc-1900 (I.R. Thompson, personal 
communication). This makes range contraction 
seem likely and targeted searches desirable. In early 
2005, S. productus was known from only five col¬ 
lections, including two from Victoria (Thompson 
2005). However, in late 2005, herbarium searches 
located a further seven collections from a large area 
of western New South Wales (I.R. Thompson, per¬ 
sonal communication); further work is needed to as¬ 
certain its risk code. 

VDSE (2005) lists undescribed species which are 
recognized as taxonomically valid by the National 
Herbarium of Victoria. While they arc eligible to be 
considered for listing under the EPBC Act, in practice 
none have yet been considered, so that VDSE (2005) 
gives them Victoria-wide risk codes, but not Aus¬ 
tralia-wide ones. However, a number of them are 
highly likely to be threatened Australia-wide, espe¬ 
cially any that turn out to be narrow endemics. Forex- 
ample, there are at least three listed, undescribed 
mallee eucalypt species in NW Victoria; E. sp. aff. 
dumosa (Antwerp) (k), E. sp. aff. dumosa (Nhill) (e) 
and E. sp. aff. porosa (Quambatook) (e) (VDSE 
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2005). Similarly, there are at least two listed, unde¬ 
scribed Mallee species of Pterostylis, P. sp. aff. biseta 
(Pink Lakes) and P. sp. aff. bonrmanii (Sunset Coun¬ 
try). Both arc given a risk code of k by VDSE (2005) 
but both are highly likely to be threatened (Jeanes and 
Backhouse 2000; J. Jeanes personal communication). 

Field work in botanically under-worked areas 
such as freehold land and road reserves continues to 
turn up important new populations of threatened 
plants in NW Victoria, for example the first Victo¬ 
rian record of Rutidosis helichrysoides since 1900 
and the second Victorian record of Ptilotus obovatus 
since 1900 (1. Sluiter, personal communication), 
both records made in 2005. 


CONSERVATION MEASURES 

For most of the species threatened Australia-wide in 
NW Victoria, at least some of the remaining popula¬ 
tions occur in biological reserves, so that initial con¬ 
servation measures have concentrated on providing 
appropriate management in situ , often including 
fencing (e.g. Austrostipa nullanulla, Lepidium 
monoplocoides ) and control of rabbit, stock and 
kangaroo numbers. As in all threatened plant man¬ 
agement, it is essential that such measures are sup¬ 
ported by frequent monitoring. 

In climates like those of NW Victoria, we now 
know that alien annuals like Avenu spp., Bmssica 
toumefortii, Bmmus spp.. Hordeum spp., Lolium 
spp. and alien geophytes like Gynandriris setifolia 
can have profound effects on native plant recruit¬ 
ment (Hobbs and Atkins 1991; Jusaitis 2005). This 
means that increased emphasis on weed control is 
needed, e.g. in cases like threatened species of 
Swainsona (Earl et al. 2003) 

One case without reserved populations in Victo¬ 
ria is that oC Spy ridiu m nitidum, where only a single 
roadside plant remains. In this case the action state¬ 
ment calls for both reinforcement of the existing 
population and establishment of a secure second 
population (Tumino 2003). A less extreme case, but 
one where plant numbers in Victorian reserves are 
critically low, is that of Swainsona reticulata (v), 
where the action statement recommends identifica¬ 
tion of secure sites in NW Victoria for introduction 
of the species (Earl et al. 2003). 

Cases where a majority of the remaining plants 
are on private property are those of Haegiela tatei 
and Trichanthodium baracchiamim, whose strong¬ 
hold is the same area of saline, gypseous soils be¬ 


tween Jeparit and Antwerp (Scarlett and Parsons 
1993). Land acquisition would reserve both species, 
plus the unreserved Halosarcia pergranulata ■ H. 
pruinosa community of which they are a part (Cheal 
et al. 1992). 

A case where a depleted population of the vul¬ 
nerable vine Marsdenia australis has been rein¬ 
forced by enrichment-planting is described by 
Parsons (2004). Success rate in re-establishing 
threatened plants is increasing as our understanding 
of the problems improves (Fensham and Fairfax 
2005 and references therein). 

In NW Victoria, while some conservation meas¬ 
ures have been implemented, it is of concern that, 
even for species known to be threatened Australia- 
wide for 26 years, a majority do not yet have an ac¬ 
tion statement or recovery plan (Table 1), while 
some others have had drafts in existence for some 
years which are not yet approved. There are no eases 
yet known in NW Victoria where conservation 
measures have caused an improvement in risk code 
from endangered to vulnerable or from vulnerable to 
not threatened, but these are very broad categories 
and some progress has been made in a number of 
cases. 


GENERAL ISSUES 

A major, general conservation issue in NW Victoria 
and adjacent areas is that the regeneration of a wide 
range of trees and shrubs is being severely or totally 
inhibited by introduced mammal browsing over 
huge areas (Parsons 1990). The size of this problem 
is becoming clearer as the individual plants which 
pre-date European settlement senesce and die with¬ 
out replacement. NW Victorian examples which 
have already reached threatened status include Aca¬ 
cia loderi (v), A. melvillei (v), A. oswaldii (v) and 
Geijera parvijlora (e). 

Greatly increased control of mammal browsing, 
especially after rainfall events significant for regen¬ 
eration, both in reserves and elsewhere, is needed to 
address this problem. Up-to-date coverage is given 
by Sinclair (2005) and references therein. 

A brief treatment of threatened plant communi¬ 
ties in NW Victoria is given by Cheal et al. (1992). 
As yet. there are no accounts of threatened non-vas- 
cular plants in NW Victoria. The most complete 
species list of bryophytes there is that of J.H. 
Browne, which is published in Eldridge and Tozer 
(1996). 
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In talking to a wide range of people while 
preparing this paper, 1 was left in no doubt that the 
future of threatened plant species in NW Victoria 
would benefit greatly from increased government 
funding. 
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THREATENED SUN-MOTHS (LEPIDOPTERA: CASTNIIDAE) 
OF THE VICTORIAN MALLEE REGION 
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Douglas, F„ 2006. Threatened sun-moths (Lepidoptera: C'astniidac) of the Victorian Malice region. Pro¬ 
ceedings of the Royal Society of Victoria 118 (2): 341-344.1SSN0035-92II. 

This work provides an overview of the distribution, current conservation status and biology of four 
species of sun-moths (Synemon spp. Lepidoptera: Castniidae) that are known to occur in the Malice re¬ 
gion of north-western Victoria. As it is apparent that three of these species are currently threatened, the 
possible reasons for this situation are briefly discussed. Some broad recommendations are also made for 
the conservation and management of these threatened species. 

Key words-. Castniidae, Synemon. sun-moth, Malice, threatened. 


THE SUN-MOTHS (family Castniidae) are a dis¬ 
tinctive group of day flying Lepidoptera that always 
have clubbed antennae and are usually brightly 
coloured. Although they resemble butterflies they 
are thought to be more closely related to the wood 
moths (family Cossidae), clcarwing moths (family 
Sesiidae) and little bear moths (family Brachodi- 
dae). The world distribution of sun-moths seems to 
indicate that they originated in Gondwana. They are 
only known to occur in Australia (excluding Tas.), 
Central and South America and parts of S. E. Asia. 
The Australian sun-moth fauna contains 44 known 
species. 20 of which are still undescribed. All of the 
Australian species are currently included in the 
genus Synemon Doublcday, 1846. 

Without exception, the confirmed larval food 
plants of sun-moths are monocots, with the larvae of 
most of the Australian species feeding on various 
sedges (Cyperaceae), mat-rushes (Xanthor- 
rhoeaccae) and perennial grasses (Poaceae). Sun- 
moth larvae cither feed internally on the tissues of 
their food plants or tunnel through the soil to feed on 
their roots. After adult sun-moths have emerged 
from their pupae, the pupal casings are left protrud¬ 
ing from galleries in the rhizomes of their food 
plants or from more or less vertical tunnels in the 
ground. Common & Edwards (1981) were able to 
determine that one of the Australian species takes 2- 
3 years to complete its life cycle. 


SUN-MOTHS THAT OCCUR IN THE 
VICTORIAN MALLEE REGION 

Of the eight species of Victorian sun-moths, four are 
known to occur in the Mallee region. Only one of 
these species, Synemon parthenoides (Orange-spot¬ 
ted Sun-moth) is secure (Douglas 1993a). As far as 
known, the remaining three species all have very re¬ 
stricted distributions in Victoria, with the Victorian 
populations of two of these being confined to the 
southern and central Mallee. 

The four Synemon species that occur in the Vic¬ 
torian Malice region are S. discalis, S. nuis, S.jcaria 
and S. parthenoides. 

Synemon discalis Strand. 1911 (Small Orange- 
spotted Sun-moth) 

Description: A medium sized species with a 
wingspan of about 3.1cm. for males and 3.5 cm. for 
females. The upper side of the forewings are black¬ 
ish-grey with a slight bronze sheen and obscure 
blackish and whitish markings. On their undersides 
they are pale orange with black and white markings. 
The hindwing upper sides are black with a series of 
prominent bright orange spots, while their under¬ 
sides are blackish with pale whitish-orange spots 
and markings. 

Distribution: Within Victoria this species has 
been recorded at the following localities: 

1) In the south-eastern corner of the Big Desert, 
but confined to a circumscribed area of about 2 
hectares. 
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2) 6 km north of Hattah, on the Calder Highway. 
This population was discovered by A. Atkins on 9 
October 1995. However, when the site was visited 
by J. T. Noelker and the author during October 
2005, none were located despite a careful search. 

3) Within the study area of the formerly proposed 
Nowingi Long Term Containment Facility (at 10 
km N. of Hattah). This comparatively large pop¬ 
ulation was discovered by J. T. Noelker and the 
author during October 2005. 

Outside Victoria the Small Orange-spotted Sun- 
moth occurs in limited areas on the Yorke and Eyre 
Peninsulas, South Australia and at Mount Ragged 
and Norseman in Western Australia (E. D. Edwards 
pers. comm.). Common (1990) states that Synemon 
disccdis is ‘widely distributed in western Victoria 
and South Australia’. However, this is an error, as 
this species has a restricted distribution in South 
Australia and was not known to occur in western 
Victoria until 1995. 

Conservation status: Recently nominated for 
listing as an endangered taxon under the Common¬ 
wealth Government's Environment Protection and 
Biodiversity’ Conservation Act 1999. Also listed as 
critically endangered in the unpublished NRE 1999 
Threatened Invertebrate Fauna in Victoria list. 

Biology: At the Big Desert site this species is on 
the wing from late October to mid November, with 
the highest numbers appearing in early November. 
The dates (during October) when the Hattah and 
Nowingi populations were discovered indicates that 
the adults would probably be on the wing from early 
to late October in the Hattah/Nowingi area. 

In Victoria the females have only been recorded 
ovipositing at the base of Gahnia lanigera (Desert 
Saw-sedge, Cyperaceae) plants but at Port Lincoln 
in South Australia, E. D. Edwards found that S. dis- 
calis was probably utilizing two other species of 
small, unidentified sedges as larval food plants. 

Synemon nais Klug, 1850 (Orange Sun-moth) 

Description: This is the smallest sun-moth that oc¬ 
curs in Victoria with a wingspan of about 2.7 cm. for 
males and 3 cm. for females. The upper side of the 
forewings are light brown with pale whitish-fawn 
markings. On their undersides they are orange with 
black markings. The upper side of the hindwings are 
bright orange with a blackish-brown inner section 
that surrounds an orange spot. Near the outer edges 
they have a row of small black spots that are sur¬ 


rounded by orange. They are similarly coloured on 
their undersides. 

Distribution: The Orange Sun-moth has a re¬ 
stricted distribution in Victoria where it is known to 
occur at three small sites near Walpeup. It formerly 
occurred at Sea Lake, but it now appears that this 
population is extinct. This species also occurs near 
Ceduna in South Australia and near Mundrabilla in 
the far southeast of Western Australia (E. D. Ed¬ 
wards pers. comm.). Common (1990) mentions that 
Madura is another Western Australian locality where 
the species has been recorded. 

Conservation Status: Listed as a threatened 
taxon under Schedule 2 of the Flora and Fauna 
Guarantee Act 1988. Also listed as endangered in 
the unpublished NRE 1999 Threatened Invertebrate 
Fauna in Victoria list. 

Biology: The adult flight period of the Orange 
Sun-moth is from mid October to mid November, 
with the highest number appearing in early Novem¬ 
ber. Although this species is very colourful, its com¬ 
paratively small size and rapid flight make it 
difficult to observe. Adult activity occurs through¬ 
out the day but it is at its greatest from about 10 am 
to noon (Daylight Saving Time). The few observa¬ 
tions that were made of ovipositing females indicate 
that Austrodanthonia setacea (Bristly Wallaby- 
grass, Poaceae) and a small, unidentified species of 
Austrostipa (Spear-grass, Poaceae) may be the larval 
food plants of this species. 

Synemon jearia R. Felder, 1874 (Reddish-orange 
Sun-moth) 

Description: A medium sized species with a thicker 
body form and narrower forewings than any other of 
the Victorian sun-moths. It has a wingspan of about 
3.5 cm. for males and 3.8 cm. for females. The 
forewings are greyish with indistinct black and 
white markings on their upper sides. Beneath they 
are orange and grey with black and white markings. 
On their upper side, the hindwings are bright red¬ 
dish-orange with two small black central markings 
and black borders. Beneath they are orange, with 
similar black markings and additional grey and 
small whitish markings. 

Distribution: In Victoria the Reddish-orange 
Sun-moth occurs in a few small areas of the eastern 
and central Big Desert and at the Kiata Native Plants 
and Wildlife Reserve in the Wimmera area. A popu¬ 
lation has also been discovered recently by Dr R. P. 
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Field at Nowingi in the study area of the now aban¬ 
doned Nowingi Long Term Containment Facility (A. 
Yen pers. comm.). 

Beyond Victoria, this species is known to occur 
near Round Mill (A. Sundholm pers. comm.) and at 
Mount Hope, in central New South Wales and at the 
southern end of the Yorke Peninsula and in the 
Barossa Valley, in South Australia (E. D. Edwards 
pers. comm.). It also occurs in Western Australia, at 
Mount Ragged and the Darling Range (E. D. Ed¬ 
wards pers. comm.). 

Conservation status: Listed as vulnerable in the 
unpublished NRE 1999 Threatened Invertebrate 
Fauna in Victoria list. 

Biology: The Reddish-orange Sun-moth has a rel¬ 
atively long flight period that commences in late Jan¬ 
uary and concludes in mid March. Although the 
adults of this species have a very rapid flight the 
males are reasonably easy to observe as they often re¬ 
turn between flights to a favourite resting-place, such 
as an old fallen branch that has had time to lose its fo¬ 
liage. Females behave very differently and are usually 
difficult to locate. Occasionally they can be observed 
as they fly around the larval host plants, while seek¬ 
ing suitable situations in which to oviposit. 

In 1992 it was confirmed by E. D. Edwards that 
the larval food plant of the Reddish-orange Sun- 
moth is Lomaiulra ejf 'usa (Scented Mat-rush, Xanth- 
orrhoeaccac). Unusually, instead of feeding 
underground on the roots of their larval food plant 
(like the larvae of most other Australian sun-moths) 
the larvae of this species feed internally within its 
rhizomes. Each larva eventually pupates inside its 
final feeding gallery and after the adult has emerged, 
the empty pupal casing is left protruding from the 
hollowed out and now dead rhizome. 


Synemon parthenoides R. Felder, 1874 (Orange- 
spotted Sun-moth) 

Description: This one of the larger Victorian 
species, with a wingspan of about 3.5 cm for males 
and 4.4 cm for females. The upper side of the 
forewings are blackish-grey with small black and 
white markings that are more pronounced in the fe¬ 
males. On their underside, the forewings are boldly 
patterned in black and orange and have a few ob¬ 
scure whitish markings toward their apices. The 
upper side of the hindwings arc black with bright or¬ 
ange spots and markings. Essentially, the hindwing 
undersides are similarly coloured and patterned in 


black and orange, except that there are also a few in¬ 
distinct whitish markings near their apices. 

Distribution: In the Victorian Mallee area, this 
species occurs widely in Wyperfeld National Park 
and the Big Desert Wilderness Area. It also occurs 
in large sections of other National Parks further 
south, such as the Little Desert National Park and 
the Grampians National Park, which are both in the 
Wimmera area. 

Conservation status: Listed as secure by Douglas 
(1993a). 

Biology: The adult flight period of the Orange- 
spotted Sun-moth becomes progressively later as 
one travels southwards through its range in western 
Victoria. In the southern Mallee (Big Desert) it is on 
the wing from very late October to late November 
while throughout the Little Desert it flies from early 
November to late December. In the Grampians Na¬ 
tional Park and surrounding areas the flight period is 
from late November to early January. 

Common (1990) states that Lepidosperma 
carpltoides (Black Rapier-sedge, Cyperaceae) is the 
larval host plant of this species. This has also been 
substantiated by numerous personal observations 
throughout much of Wyperfeld National Park, the Lit¬ 
tle Desert National Park and the Grampians National 
Park, where females of the Orange-spotted Sun-moth 
exclusively oviposited at the base of Black Rapier- 
sedge plants. However, in the central Big Desert it 
was discovered that Schoenus racemosus (Tufted 
Bog-sedge, Cyperaceae) as well as Black Rapier- 
sedge, were being equally chosen for oviposition. 
Prior to these observations being made, it seems that 
S. racemosus had not been recorded as a putative lar¬ 
val host plant of the Orange Spotted Sun-moth. 

DISCUSSION 

The sun-moths represent a very old and integral part 
of Australia's insect fauna, that at a very conserva¬ 
tive estimate is at least 50 million years old. Of the 
eight species that occur in Victoria, one is secure 
and six appear to be vulnerable, endangered or crit¬ 
ically endangered (Backhouse 1999, pers. comm.). 
The remaining species, Synemon theresa (Cryptic 
Sun-moth) is presumed to be extinct within state 
limits and until recently, was also thought to be ex¬ 
tinct nationally. However, encouragingly, an extant 
occurrence of this species has now been discovered 
in South Australia, at Waterfall Gully, near Adelaide 
(Young & Hunt 2005). 
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FABIAN DOUGLAS 


The extent and number of historic records indi¬ 
cate that habitat loss (due to land clearing, exotic 
weed invasion etc.) is the most likely reason why 
such a high proportion of Victoria’s sun-moth fauna 
has declined in distribution since European settle¬ 
ment. This reflects very poorly on our past and pres¬ 
ent management and ecological understanding of 
the mallee, woodland and grassland habitats in 
which the now threatened sun-moths would have 
formerly occurred more widely. 

Throughout Victoria and elsewhere, the sun- 
moths should be used as one of the groups of ‘flag¬ 
ship species' to indicate potential areas of species 
richness. My personal studies have shown that lo¬ 
calities where sun-moths occur are often important 
reservoirs of biodiversity and contain populations of 
many other rare and endangered animals and plants. 
Such areas that are not already protected should be 
given a very high priority in future plans for broad- 
spectrum biodiversity conservation strategies. 

Some of the most important actions that would 
aid the conservation of the three threatened species 
of Sun-moths that occur in the Victorian Mallee area 
are: 

1) The implementation of surveys to determine if 
additional populations of these species occur 
within areas of potentially suitable habitat. 

2) Annual monitoring of the known occurrences so 
that data can be accumulated rc the overall abun¬ 
dance or possible decline in the numbers of each 
species from year to year. 

3) Cessation or appropriate modification of any 
human activities that would cause disturbance to 
the habitats of these species, at the localities 
where they are known to occur. 

4) The establishment of a reserve system that ade¬ 
quately represents and protects all of the habitat 
types that these species require. 

5) Ongoing monitoring of, and if deemed neces¬ 
sary, the control of invasive exotic grasses and 
forbs at the known localities where these sun- 
moths occur. 

Mr. Ted Edwards, who is currently working on a 
monograph of the Australian sun-moths, once stated 
that: ‘Given a quarter of a chance the sun-moths are 
robust survivors’. In my personal experience this is 
certainly true, so let us give them that chance so that 
they can be around for at least another 50 million 
years. 
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Bensiiemesh, J. & Sandf.ll, P. 2006. Malleefowl (Leipoa ocellala): The lessons from a 15+ year moni¬ 
toring program. Proceedings of the Royal Society of Victoria 118 (2): 345-355. 1SSN0035-9211. 
Monitoring of Malleefowl in Victoria has grown substantially over a 20 yr period through the in¬ 
volvement of government agencies (Parks Victoria, and the Department of Sustainability & Environ¬ 
ment), a volunteer group (the Victorian Malleefowl Recovery Group), and private individuals. Currently 
the volunteers run all aspects of the monitoring program that involves the inspection of over one thou¬ 
sand mounds at 30 sites in north western Victoria every year. The results suggest that Malleefowl have 
declined overall, but that there are also signs of recovery over the past few years. The monitoring results 
also provide numerous insights into the ecology of Malleefowl and challenge prevailing views about the 
role of foxes and fire in determining Malleefowl abundance. While the information collected by volun¬ 
teers is essential, and the insights gained arc of great value, we believe the monitoring program has re¬ 
lied too heavily on passive description and consequently its potential value to Malleefowl conservation 
has been under-utilised. Better integration between monitoring, management and science is required, and 
we argue that adaptive management offers a suitable approach and would enrich the collaboration be¬ 
tween community groups who do the monitoring, and government agencies and others involved in land 
management. 


Key words', monitoring, malice, malleefowl, volunteers, breeding density, adaptive management. 


THE MALLEEFOWL Leipoa ocellata is a highly 
unusual ground-dwelling bird found in semi-arid to 
arid shrublands and low woodlands across southern 
Australia, especially those dominated by malice 
and/or acacias. Malleefowl belong to the small fam¬ 
ily Megapodiidae, the megapodes or mound- 
builders, which arc unique amongst birds in that 
they use external sources of heat to incubate their 
eggs (Clark 1964; Jones et al. 1995). While most 
megapodes live in wet tropical forests, the 
Malleefowl is the only member of the family to 
occur in the arid / semi-arid zones, and has arguably 
developed the most sophisticated and laborious in¬ 
cubation method of any bird species in the world 
(Frith 1956; Jones ct al. 1995). 

The original distribution of Malleefowl was 
considerable, perhaps unexpectedly so considering 
its peculiar and demanding nesting habits. 
Malleefowl once occurred over much of the south¬ 
ern half of the continent from the west coast to the 
Great Dividing range in the cast, as far north as the 
Tanami Desert in the Northern Territory (Kimber 
1985), and to within 60 kilometres of Melbourne in 
the south (Campbell 1884; Campbell 1901; Mattin- 
gley 1908). Indeed, the species was widespread and 


regularly occurred in more than a quarter of the 80 
major biogeographic regions of Australia (Bcn- 
shemesh 2006). 

Within the past century the range of Malleefowl 
has contracted, particularly in arid areas and at the 
periphery of its former range (see Benshcmcsh 
2006). The species may be extinct in the NT, and se¬ 
vere declines have occurred in southern agricultural 
areas due to the clearing of the malice for wheat and 
sheep production. In Victoria, the species no longer 
occurs in the Riverina and is restricted to only one 
locality in the Victorian Midlands (near Wedder- 
burn) where suitable habitat has been reserved. In 
the Murray Darling Depression the species has like¬ 
wise lost at least half of its original habitat to clear¬ 
ing and is now restricted to a fragmented mix of 
large and small malice reserves, and occasional pri¬ 
vate land. 

The fate of Malleefowl within the remaining 
habitat fragments in Victoria is uncertain, as it is 
elsewhere throughout its range. Threats to these 
populations include predation by the introduced fox, 
habitat degradation due to over-grazing, large scale 
fire and changed fire regimes, and the insidious ef¬ 
fects of fragmentation on isolated populations. The 
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species is recognised as threatened in every state in 
which it occurs and is listed as Vulnerable nationally 
and Endangered in Victoria (Victorian Department 
of Sustainability and Environment 2003). 

There is a clear and urgent need for information 
on the trends of these remnant Malleefowl popula¬ 
tions in Victoria and elsewhere. These monitoring 
data are needed in order to asses the conservation 
status of the species across the state and to identify 
areas in which the species is declining. Perhaps even 
more importantly, monitoring provides a means of 
measuring the effects of naturally occurring events 
and the effectiveness of management actions. 

Here, we provide an overview of the monitoring 
program that began in earnest in the late 1980s and 
has improved and evolved since then. While we 
present an overview of results collected over this 
timeframe, it is not our intention to provide a de¬ 
tailed analysis of these complex data that have been 
collected in this time (although such an analysis is 
currently underway), rather to outline some general 
lessons we have learned from the data, and from the 
processes involved in developing a robust monitor¬ 
ing program. 

MONITORING BREEDING DENSITIES 

Monitoring populations involves obtaining reliable 
and repeatable measures of their numbers in time in 
order to measure changes in population size. 
Malleefowl are shy and elusive birds, however their 
mounds are conspicuous and provide a reliable 
means of measuring the abundance of breeding 
birds in an area. As Malleefowl tend to renovate old 
mounds rather than construct new mounds afresh 
each year (Frith 1959), each old mound is a poten¬ 
tial site for breeding, and annually checking the 
known mounds each spring provides a good esti¬ 
mate of the trends in breeding numbers at each site. 
Nonetheless, new mounds are occasionally built by 
the birds and a thorough re-search of monitoring 
sites is required every few years to capture these and 
ensure accurate estimation of breeding numbers. 

A SHORT HISTORY OF MALLEEFOWL 
MONITORING IN VICTORIA 

Measurement of Malleefowl breeding densities 
started in the 1960s, often by local individuals and 
communities motivated by a desire to demonstrate 


the value of remnant habitat and to protect it from 
clearing. Angus Torpey used his family to search 
parts of Wathc, Keith Hatcly searched Kiata, the 
Mid Murray Field naturalists searched Wandown 
and the Wychitella Forest Preservation League 
searched Wychitella near Wedderburn. All of these 
sites subsequently became reserves. Also at this 
time, the then Department of Fisheries and Wildlife 
organised several surveys in larger patches of mallee 
in NW Victoria, but unfortunately this information 
appears to have been lost. In 1987 and 1989 a scries 
of sites were searched in NW Victoria with a group 
of international conservation volunteers (Operation 
Raleigh) with the view of determining breeding den¬ 
sities for habitat research and for ongoing monitor¬ 
ing (Bcnshemesh 1992). Six of these sites were set 
up for ongoing monitoring, including the sites at 
Walhe and Wandown searched in the 1960s. Since 
then the monitoring system has grown steadily with 
support from Parks Victoria (PV) and the Depart¬ 
ment of Sustainability and Environment (DSE) in 
terms of the number of sites monitored, and also in 
terms of the organisation, sophistication and effi¬ 
ciency of the monitoring system. Although Vic gov¬ 
ernment agencies undertook the monitoring in the 
early 1990s, this proved expensive and difficult to 
maintain. Consultants were employed in the mid 
1990s collect these data and local volunteers were 
progressively involved. Currently, over 30 sites and 
1000 mounds arc monitored each year by volunteers 
from the Victorian Malleefowl Recovery Group 
(VMRG) who have assumed responsibility for all 
aspects of the monitoring. While the monitoring 
program has grown, costs have been reduced from 
more than SI00 per mound visited in the early 
1990s, to less than S10 per mound currently (Ben- 
shemesh 2004). This cost reduction has been 
achieved through the involvement of volunteers and 
improved monitoring practices. 

The VMRG formed in 2000 with monitoring of 
Malleefowl numbers being its primary focus. The 
VMRG have conducted all field sampling, database 
maintenance and reporting since then with the assis¬ 
tance of modest annual funding from Parks Victoria. 
Processes involved have been documented by Pat- 
ford et al. (2004). 

Key ingredients in the success of the program 
include: 

• Electronic data capture: Volunteers navigate to 
each mound using GPS and record mound de¬ 
tails on Palm handheld computers (PDA) using 
the Cybertracker application customised for 
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Malleefowl monitoring. This has simplified data 
collection, reduced errors and eliminated double 
handling of data. 

• Training: volunteers are generally required to at¬ 
tend training weekends each year before they 
monitor. Training weekends reinforce data stan¬ 
dards and consistency, and also provide a social 
dimension and one of the few occasions when 
all monitoring volunteers cotnc together. 

• Volunteer feedback: all people involved in the 
monitoring arc provided with annual reports on 
the effectiveness and completeness of the moni¬ 
toring and an interpretation of the years results. 
Volunteers are also sent questionnaires asking 
how the monitoring went from their perspective, 
and these results are also circulated. 


MONITORING METHODS 

In Victoria, monitoring sites are usually 2 km by 2 
km. Routine monitoring is accomplished by teams 
of two or more who visit every known mound (only 
about one in ten of which are likely to be active); 
over the past five years only 1 -2% of mounds have 
been overlooked for various reasons, and these were 
usually old and inconspicuous. Mound locations are 
uploaded onto GPS units so that volunteers arc 
guided directly to the mound of their choice. The 
monitoring data comprises a categorised description 
of each mound (see below) and is recorded on a 
Palm handheld computer using Cybertracker soft¬ 
ware (Liebenberg 2003) or paper forms. Cyber- 
tracker is specifically designed for wildlife data 
collection in the field and is ideal for community 
volunteers. 


Site selection and distribution in Victoria 

Monitoring site selection has been ad hoc rather 
than planned in advance and sites have been added 
to the program in response to local concerns and op¬ 
portunities. For example, several sites have been es¬ 
tablished to take advantage of historical data, or in 
response to local interest, whereas others have been 
established in order to representatively sample long- 
unburnt vegetation types (Sunset Country), or to 
sample adjacent and similar habitats with differing 
fire histories. 

The distribution of Victorian monitoring sites 
provides a fair coverage of the current distribution 


of Malleefowl in Victoria (Fig. 1), although there are 
geographic regions that arc not yet represented, such 
as the western and central Big Desert, and remote 
regions of the Little Desert. All Malleefowl moni¬ 
toring sites arc located within reserves. 

Re-searclws of monitoring sites 

In Victoria, monitoring sites have clearly delineated 
boundaries and are re-searched only every several 
years (mean 5.9 years). Some newly active mounds 
may consequently be missed by not researching sites 
every year, but this effect on accuracy is small and 
offset by gains in efficiency. Re-searching a site re¬ 
quires 10-20 times more effort than simply visiting 
known mounds. However, new mounds are rarely 
constructed at sites that have remained unburnt for 
over 30 years. For example, thorough re-searches of 
14 long-unburnt monitoring sites after an average of 
5.5 years added 8% more active mounds, suggesting 
that without re-searching the monitoring results for 
these sites would have been 92% accurate (Ben- 
shemesh & Burton 1998). Inactive mounds in¬ 
creased by 22% and were mostly very old 
inconspicuous mounds that had clearly been missed 
previously. It seems likely that many of the addi¬ 
tional active mounds were also renovated old 
mounds that were previously missed, rather than 
being freshly constructed in the intervening years. 

A notable exception to the generally low inci¬ 
dence of newly constructed mounds is where 
Malleefowl recolonise previously burnt habitat. 
When Malleefowl numbers began increasing a 
decade after a patchy fire at one monitoring sites, a 
re-search of the site three years later added six pre¬ 
viously unknown active mounds, doubling the num¬ 
ber of active mounds from 6 to 12 (Benshemesh & 
Burton 1998). Mounds deteriorate rapidly following 
fire due to erosion and when Malleefowl begin to re¬ 
colonise these areas opportunities for renovating old 
mounds are scarce, thus leading to relatively high 
rates of new mound construction. 

There is also evidence in the monitoring data 
that rc-scarching sites only occasionally docs not ap¬ 
pear to introduce a systematic bias into breeding 
number estimates between years. For example, of 
the 27 cases in the Victorian monitoring data in 
which breeding numbers could be compared imme¬ 
diately before and after a site was re-searched (ex¬ 
cluding droughts), increases occurred at 10 sites 
(mean = +2.0 active mounds over 6.0 years), 
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Fig. 1. Map of western Victoria showing historical records of Malleefowl prior to 1991 (unfilled circles) and recent 
records between 1992 and 2005 (black circles). Monitoring sites arc also shown (white squares). (Modified after Ben- 
shemesh 2006 and compiled from various sources including Birds Australia, DSE, and museum records). 


Monitoring suggests population has: 

Actual population trend: 

Increased 

Increase (no doubt) 

Unchanged 

Unchanged, or increased 

Decreased 

Decreased, unchanged or increased 


Table 1. Apparent and actual trends in breeding numbers as determined by monitoring only known mounds with infre¬ 
quent re-searches. 
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whereas 8 sites showed no change, and 9 sites 
showed a decline in breeding numbers (mean = -1.7 
active mounds over 5.1 years). 

While the effect of not re-searching sites every 
year is usually small, it nonetheless needs to be con¬ 
sidered, especially where slight declines are 
recorded. Table I expands on this point to consider 
general trends that may be apparent. 

Data collected 

Monitoring involves describing each mound in 
terms of a series of categories and measures which 
were strictly defined and documented in the early 
1990s to ensure consistency between observers. 
These data have various purposes: 

• Activity: Observers are required to record 
whether a mound is active (currently being used 
as an incubator) or not. 

• Measures of disrepair: The bulk ofdata recorded 
at mounds describe the appearance of the 
mounds. Observers arc required to record the 
mounds shape, whether the surface has been 
freshly scraped, and whether crust, herbs or 
other vegetation were growing on the mound 
surface. Mounds were also measured every year 
(height, depth, rim and perimeter diameters). 
These descriptors were introduced in the early 
1990s primarily to provide a means of corrobo¬ 
rating the activity status recorded by observers 
and for vetting data. More recently, digital pho¬ 
tos of mounds have been included in the moni¬ 
toring procedures for all mounds visited. 

• Fauna visitors: The occurrence of scats and 
prints of Mallcefowl, foxes, rabbits, kangaroos 
and other animals are also recorded at mounds. 
These data provide some information on 
changes in the abundance of various species 
through time. In particular, foxes frequently 
defecate on used and disused mounds which 
provide prominent and elevated sites at which to 
mark their territories. Trends in the proportion 
of mounds that arc marked by foxes provide a 
potentially useful index of trends in fox popula¬ 
tions which are otherwise difficult to obtain. Fox 
scats are also collected for content analysis so 
that spatial and temporal trends in the diet of 
these introduced predators can be better under¬ 
stood (Sandell and Benshemesh 2001). 
Mallecfowl prints are also of special interest, 
often demonstrating that Mallcefowl still occur 


at sites even though breeding may not be 
recorded for several years. 

• Data management: Information required for 
data management is also recorded such as the 
mound location and identifier, and whether or 
not it was adequately marked in the field. 

RESULTS: OVERVIEW OF THE VICTORIAN 
MONITORING DATA 

There are 10,980 mound records at 30 sites in the 
Victorian Mallecfowl monitoring database totalling 
over 100 km 2 , including historical data collected 
during surveys in the 1960s and 1980s before regu¬ 
lar monitoring was initiated. Since the early 1990s, 
the monitoring program has expanded steadily 
(Fig. 2) due primarily to the addition of new sites, al¬ 
though there has also been an increase in the num¬ 
ber of mounds monitored at many sites as more old 
and inconspicuous mounds arc found and added to 
the monitoring lists. 

To provide an overview of trends in Mallcefowl 
breeding numbers over the past few decades, we 
firstly examine trends in a group of six sites that 
have been regularly monitored since 1989, and then 
examine a larger set of 20 sites that have been mon¬ 
itored over a shorter period since the mid 1990s. 
These are complex data sets and arc only considered 
in a general way here; more complete analyses are 
currently underway. 

Sites monitored over 1 7 years or more 

Six sites have been monitored since 1989 at five 
widely separated localities in the Eastern Big Desert 
(Wathe, Bronzewing and Wyperfeld) and north-east 
(Wandown and Annuello). Severe drought years 
(1994 and 2002) are characterised by relatively low 
breeding numbers (Figure 3) and a recovery in num¬ 
bers the following year. Ignoring these droughts, a 
significant decline in breeding numbers since 1989 
is evident (r 2 =0.276, P<0.05, df=13). This trend was 
due to steep declines at two sites at Wyperfeld and 
Wathe, whereas breeding numbers were actually sta¬ 
ble or increasing at other sites. Interestingly, the two 
sites at Wathe showed very different trends (Figure 4) 
although these sites are separated by only three kilo¬ 
metres of continuous mallee vegetation and have re¬ 
ceived similar management. While Wathe SW has 
shown stable breeding densities and low variation 
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Spring year 


Fig. 2. Number of mounds monitored in the Victorian Malleefowl monitoring program. Regular monitoring (Black 
bars) began in 1989, although some historical breeding-density surveys (Grey bars) existed for some sites before then. 


(coefficient of variations 6%), Torpey's has been 
much more variable (cov=57%) and has shown a 
decline. 

Historical data exist for two of the sites that were 
monitored from 1989: at Torpey’s, 10-11 mounds 
were used for breeding in the early 1960s, and at 
Wandown 12 mounds were prepared for breeding in 
1969. Whereas Torpey’s has shown a decline, espe¬ 
cially in the last decade (above), breeding numbers 
at Wandown were more complex: breeding numbers 
were 20% higher between 1989-1991 than they were 
in the late 1960s, steadily declined from 1992-2001 
(from 12 to 4 breeding mounds), and then suddenly 
increased to high numbers again after the drought in 
2002. Currently, breeding numbers at Wandown are 
higher than have previously been recorded. 

Sites monitored over 10-12 years 

Twenty sites (including those considered above) 
have been monitored over the past decade or so and 
these provide a regional perspective on trends in 
Malleefowl breeding populations in the Victorian 
malice (Figure 5). In the Eastern Big Desert, breed¬ 
ing densities at the six sites averaged 1.7 active 
mounds/km 2 (range 0.2-2.5) and, excluding drought 


years (1994 and 2002), there was a significant de¬ 
cline in breeding density since 1994 (r=-0.71, n=10, 
P<0.05). This decline was not evident at all six sites: 
populations declined at three sites but remained sta¬ 
ble at the other three sites. 

In the North-east, breeding densities at three 
sites averaged 1.5 active mounds/km 2 (range 0.3- 
2.4) and. excluding drought years there was a signif¬ 
icant increase in breeding density since 1995 (r= 
+0.72, n=8, P<0.02). This unexpected increase oc¬ 
curred at two of the three sites and followed the 
2002 drought when breeding densities almost dou¬ 
bled and remained high for three seasons (to 2005). 

In the North-west, breeding densities at eleven 
sites averaged 0.4 active mounds/km 2 (range 0.2- 
1.0) and showed a slight decline over the past nine 
years (excluding 2002 drought), although this was 
not significant (r=-0.456, n^9, P>0.2). 

DISCUSSION 

The Victorian Malleefowl monitoring program has 
grown steadily since its beginnings in 1989 and cur¬ 
rently involves annual visits to over a thousand 
mounds at 30 sites across the species current range 
in Victoria. The results demonstrate a significant 
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Fig. 3. Trends in breeding numbers at 6 sites in the Victorian mallee monitored since the late 1980s. All sites were re¬ 
searched in 1997 and most sites were searched several times in the early 1990s and in 2005. Individual sites were not mon¬ 
itored in 6% of site-year combinations and these values were interpolated to produce this figure. 
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Fig. 4. Trends in breeding density at two nearby sites at Wathe Reserve in the eastern Big Desert land system. Although 
these sites are both long-unburnt and separated by only 3km of continuous malice, breeding densities have remained sta¬ 
ble at Wathe SW (white squares; 324 ha) but declined at Torpey s (filled diamonds; 400 ha). For clarity, only non-drought 
years are shown. 
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Fig. 5. Trends in breeding numbers at 20 sites in the Victorian malice monitored over the past 10-12 years in the eastern 
Big Desert (6 sites; triangles), North-east (3 sites, white squares) and North-west (11 sites, black circles). Individual sites 
were not monitored in about 1-2% of site-year combinations and these values were interpolated to produce these figures. 


decline in Malleefowl breeding populations at sites 
monitored since 1989, especially in the Eastern Big 
Desert where significant declines during the period 
1995 to 2005 were also evident. Worrying as this 
finding is, it is also important to note that even in the 
eastern Big Desert declines were evident at only a 
few sites and most sites showed stable breeding den¬ 
sities over these time periods. 

A full analysis of these data in relation to known 
or perceived threats is beyond the scope of this paper 
(such an analysis is underway, see below). Rather, 
we wish to highlight some general lessons learnt 
from the program, and from the data it has provided. 

Lesson 1: Invaluable community contribution 

An important lesson from the current monitoring 
program is that a group of committed and well-or¬ 
ganised volunteers, such as the VMRG, can con¬ 
tribute greatly to the body of scientific knowledge 
through field data collection. Without their involve¬ 
ment and dedication, the Malleefowl monitoring 
program would have folded in the late 1990s when 
government funding became scarce. The VMRG or¬ 


ganise all aspects of the monitoring themselves with 
a high degree of professionalism and are supported 
by a modest grant from Parks Victoria. The current 
prospect is that the monitoring will continue for the 
foreseeable future and gain momentum, providing 
essential feedback on the conservation status of 
Malleefowl and on the success of management ac¬ 
tions aimed at benefiting the species. 

Lesson 2: Long term monitoring at multiple sites is 
essential 

Monitoring breeding densities is the only reliable 
means of measuring changes in the abundance of 
Malleefowl. The variability in trends shown in dif¬ 
ferent areas, and even at neighbouring sites (e.g. 
Figure 4), suggests that monitoring multiple sites 
over the long term will continue to be an important 
strategy in clarifying the population trends of this 
species. 

While Malleefowl are sedentary and often ex¬ 
hibit stable breeding densities over many years, it is 
also true that populations show various other strong 
trends at particular sites, including gradual and cat- 
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astrophic declines and increases. Understanding the 
reasons underpinning these changes would represent 
a major advance in our understanding as these rea¬ 
sons are often far from obvious. 

Lesson 3: Malleefowl generally recover rapidly 
from drought 

Since the early 1990s, Malleefowl have been sub¬ 
jected to two severe droughts (1994 and 2002). 
Overall breeding numbers were similar immediately 
before and after these droughts, and declines at sites 
were no more frequent than increases. Higher mor¬ 
tality of Malleefowl in severe droughts has been ob¬ 
served elsewhere in one declining population 
(Priddel & Wheeler 2003), but in general the effect 
of occasional drought appears to be short-term. How 
populations might respond to more frequent 
drought, as predicted by climate change models (Pit- 
tock & Wratt 2001), is uncertain but likely to be 
more severe. 

Lesson 4: Malleefowl response to fire is variable. 

Several studies have shown that long-unburnt habi¬ 
tat is preferred by Malleefowl (Woinarski 1989; 
Benshemesh 1990; Benshcmesh 1992; Clarke 
2005), but rapid recovery of breeding densities after 
fire in some areas has been unexpected. Monitoring 
has shown that Malleefowl occasionally recolonise 
burnt habitat much faster than previously thought, 
although the birds do not seem to respond to all fires 
the same way. For example, Malleefowl breeding 
densities increased and surpassed pre-fire breeding 
densities within 13 years at Moonah, a site patchily 
burnt in 1985 in Wypcrfeld, before crashing five 
years later to low levels from which it has yet to re¬ 
cover. By contrast, another site burnt in 1982 in 
Wypcrfeld remains largely unoccupied after 23 
years, even though Malleefowl occur nearby. At 
Wandown, Malleefowl recolonised habitat burnt by 
wildfire in 1991 within six years, and from 13-15 
years after the fire (to date) breeding density was 
similar or greater than in neighbouring unburnt 
habitat. All of these responses were observed within 
two kilometres of the edge of wildfires and thus may 
be more typical of small rather than large fires. 
Nonetheless, the rapid recovery of Malleefowl pop¬ 
ulations in these situations provides important in¬ 
sights for management. 


Lesson 5: Malleefowl can coexist with foxes 

There are two main lines of evidence suggest that 
Malleefowl can coexist with foxes over long time 
periods. Firstly, there has been only limited fox con¬ 
trol practiced at those locations where Malleefowl 
populations have remained stable or increased, and 
fox abundance appears high at these sites in terms of 
the frequency with which fox scats occur on 
mounds. Secondly, even after fox predation on 
Malleefowl was thought to have increased substan¬ 
tially in northern Victoria following the spread of 
rabbit haemorrhagic disease in 1996 (Benshemesh 
& Burton 1999), there was little evidence from the 
monitoring record of a major impact on Malleefowl 
breeding densities in subsequent years. Breeding 
densities did decline in the north-west and this may 
have been related to increased predation and low 
rainfall, but there was no evidence of a general de¬ 
cline in other regions (Figure 5). These observations 
are not conclusive but support the view of Frith 
(1962) that foxes and Malleefowl can coexist in the 
absence of effective control, despite the fact that 
these introduced predators arc known to kill 
Malleefowl of all ages and are widely implicated in 
the declines of Malleefowl across Australia (Priddel 
& Wheeler 1995; Saunders ct al. 1995; Short 2004). 
While the Victorian monitoring results suggest that 
the damage to Malleefowl populations from foxes 
may have been over stated, it is, however, still un¬ 
clear whether more effective control of foxes would 
in fact benefit Malleefowl and perhaps reverse de¬ 
clines where they have occurred. 

In summary, observations on the trends in 
Malleefowl breeding densities have led to a number 
of general insights into the responses of the species to 
various threats. While the information collected by 
volunteers is essential, and the insights gained are of 
great value, we also believe the monitoring program 
has in the past relied too heavily on passive descrip¬ 
tion (Romesburg 1981) and consequently its potential 
value to Malleefowl conservation has been under¬ 
utilised. In particular, there has in the past been little 
attempt to thoroughly analyse the data collected to 
date, or to experimentally manipulate management at 
different sites in order to test hypotheses concerning 
the causes of declines. These criticisms are also true 
of Malleefowl monitoring programs in other states, 
many of which are modelled on the Victorian pro¬ 
gram. Recent initiatives are attempting to address 
these concerns on a national scale. A multi-regional 
project is currently underway sponsored by the 
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Natural Heritage Trust and the Victorian Mallee 
Catchment Management Authority with a focus of 
improving and standardising the Malleefowl monitor¬ 
ing programs across Australia, centralising records, 
and analysing the monitoring data collected to date. 
The pooling of these data should greatly increase the 
statistical power of analyses and provide a more com¬ 
prehensive view of the factors associated with 
Malleefowl trends than could be obtained from any 
one state or region. Through this process it is envis¬ 
aged that volunteer support and commitment for 
monitoring Malleefowl will be increased and a solid 
foundation will be laid for a more dynamic form of 
monitoring in the future. 

The way forward: Active Adaptive Management 

Adaptive management (AM) is a pragmatic and col¬ 
laborative process of ‘learning by doing’ that con¬ 
fronts uncertainties in management and seeks to 
gain reliable knowledge through experimental man¬ 
agement (Walters 1986; Walters & Holling 1990). 
Key components of the AM approach include exper¬ 
imental design, field management treatments and 
monitoring, structured in such a way so that the suc¬ 
cess of management alternatives can be evaluated. 

AM has been recommended in the National Re¬ 
covery Plan for Malleefowl to provide a framework 
for the monitoring elfort at a national level and to bet¬ 
ter integrate monitoring, management anti research 
(Benshemesh 2006). The approach would seem well 
suited to Malleefowl conservation for a number of 
reasons. Firstly, Malleefowl still occur over much of 
its uncleared range, providing opportunities for repli¬ 
cating management treatments and controls (non¬ 
treatment sites). The current network of monitoring 
sites represents a tiny proportion of this range and 
varying management treatments at these sites is un¬ 
likely to compromise the conservation of the species. 
Secondly, there is considerable uncertainty about the 
effectiveness of management actions in reversing 
Malleefowl declines and in the role of environmental 
factors (Benshemesh 2006). AM embraces such un¬ 
certainty and provides a means of identifying best 
management practice in a coherent and statistically 
meaningful way. Thirdly, there is already a strong 
community involvement in Malleefowl conservation 
at a national scale and a general enthusiasm for col¬ 
laboration w'ith agencies and land managers. Collab¬ 
oration and standardisation of methods has already 
begun at a national scale (eg 2004 forum) particularly 


in regard to monitoring, and the VMRG in particular 
has played a central role in this process. Further col¬ 
laboration between community volunteers, land man¬ 
agers, scientists, and other stakeholders will be 
required across political boundaries to develop and 
implement an AM plan for Malleefowl management. 
Finally, the Victorian experience show's that volun¬ 
teers can conduct Malleefowl monitoring with a high 
degree of professionalism and competency, thus re¬ 
lieving agencies of this critical, but time consuming 
and potentially expensive ingredient of the AM ap¬ 
proach. Indeed, monitoring is often the most expen¬ 
sive part of carefully designed and replicated 
management experiments (Reddiex & Forsyth 2004). 
However, volunteers cannot implement management 
treatments, and collaboration, involvement and com¬ 
mitment of agencies and land managers is essential to 
manipulate the management of monitoring sites ac¬ 
cording to national plans. 
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TECHNOLOGY CHANGES IN THE IRRIGATED MALLEE 
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This paper presents and discusses some of the key technologies that have enabled the irrigated hor¬ 
ticulture industries of the Mallee to improve productivity and sustainability. Some of the more signifi¬ 
cant indicators and evidence that technology has improved our position over time is presented. Details 
of some of the major technological contributions are also included. The definition of technology used in 
this paper is that Technology is applied science of commercial value. 

Key words: technology. Malice, irrigation, productivity 


NEW TECHNOLOGY has made a major contribu¬ 
tion to the productivity and sustainability of the irri¬ 
gated Mallee as we currently know it. Traditionally, 
one of the regions key industries that has benefited 
from advances in technology has been dried vine 
fruit production. An indicator for productivity for 
dried vine fruit (DVF) production is tonnes per 
hectare. A.J McIntyre (1948) reported DVF produc¬ 
tivity was around 4.4 tonne per hectare in 1943. Cur¬ 
rent yields of DVF best practice vineyards are 
reported by Clingeleffer (2002) to be around 10 - 12 
tonne / hectare, over double that found in 1943. 

Major drivers of productivity in viticulture have 
been technologies for the management of salinity, ir¬ 
rigation, pest & disease, pest resistant rootstocks 
and improved trellis. 

Another relatively simple measure of productiv¬ 
ity in horticulture is the productivity of a labour unit, 
that is, how much land can one person manage, or 
the ability of a labour unit to manage a production 
area. For example, in 1900, one labour unit could 
manage four hectares in the original Mildura irri¬ 
gated settlement. In 1920, one labour unit could 
manage six to seven hectares on post World War I 
horticulture properties in Red Cliffs. In 1947 one 
labour unit could manage ten to twelve hectares, on 
post World War 2 horticulture properties in Robin- 
vale. In 2005 one labour unit can manage forty 
hectares on a modern wine grape property in 
Sunraysia. 

One of the main technology drivers enabling 
larger areas to be managed is mechanisation. Mech¬ 
anised pruning, harvesting and weed control, as well 
as pressurised irrigation systems eg sprinklers or 
drip irrigation, are all good examples. 


The other important element of productivity has 
been the region’s ability to sustain the productivity 
increases. One indicator of sustainability is the abil¬ 
ity to reduce irrigated agriculture’s impact on the en¬ 
vironment. There are many examples that illustrate a 
reduction in the impact of irrigated horticulture on 
the environment. For example, perched water tables 
and associated salinity that have almost disappeared 
under irrigation areas mainly because of sub surface 
drainage systems. A survey of 150 Sunraysia dried 
fruit growers carried out in 1943 showed that 40% of 
growers rated waterlogging and soil salinity as their 
main difficulty. Sub surface tile drainage systems as 
well as irrigation application and scheduling tech¬ 
nologies have made those difficulties almost obso¬ 
lete these days. 

Drainage outflows at a property level have de¬ 
creased by 36% in the First Mildura Irrigation Trust 
district over a ten year period (Sinclair Knight Mertz 
2001). This has meant a reduction in the amount of 
salt being carried to the Murray from 3 tonne/hectarc/ 
year to 2 tonne mainly because of improved irrigation 
practice (Ifc & Skclt 2004). 

Another impact of these improved practices has 
been to reduce the salty ground water mound under 
irrigated Sunraysia. The mound has been falling for 
the 10 years between 1990-2000 and decreasing 
salty water inflows to the river largely due to inter¬ 
ception pumps and improved irrigation practices. 

Benchmarking studies have shown water use ef¬ 
ficiency (application efficiency) of an irrigated viti¬ 
culture study group increased from 77.7% to 90.5% 
over a 5 year period (Boland & Walker 2004). 

Productivity in itself can also be a sustainability 
indicator. Being able to sustain productivity 
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indicates that soil, water and the crop are being man¬ 
aged without being run down. The indicators dis¬ 
cussed below suggest that technology has had a 
major impact on increasing productivity and im¬ 
proving sustainability. 

Major technologies that have sustained the irri¬ 
gated horticulture of the Mallee include: 

Mechanisation technologies 

Mechanisation has made a major contribution to 
productivity in the irrigated Mallee. 

Originally changing from the horse to tractor, 
now there is mechanised harvesting of wine grapes, 
dried vine fruit and almonds as well as mechanical 
pruning of vines and citrus. 

Hand operated sprayers has given way to tractor 
drawn pressurised, precisely controlled droplet 
sprayers that apply chemicals quickly, more accu¬ 
rately, with better coverage, at the right time, and re¬ 
sulting in much lower crop losses from pest & disease. 

Mechanisation usually decreases labour costs 
but increases capitalisation. It also typically speeds 
up operations 8 to 10 times eg half hectare per day to 
half hectare per hour. 

Irrigation technologies 

New irrigation technologies have made a major con¬ 
tribution to sustainability and improved productiv¬ 
ity, particularly changing from gravity to pressurised 
irrigation systems and from furrow to sprinklers and 
drip irrigation where application rates can be con¬ 
trolled accurately. The outcomes have been in¬ 
creased water use efficiency and improved 
productivity. The increased use of automation has 
also reduced labour costs significantly. 

Irrigation management has also improved from 
a situation in the early 1900s where crops had four 
irrigations a year whether they needed them or not, 
to sophisticated timing of water application and 
amounts to match plant use and to manipulate fruit 
quality. 

The use of computerised soil monitoring sys¬ 
tems that give an instant readout of moisture status, 
as well as the ability to obtain water at short notice 
have all contributed to improved irrigation manage¬ 
ment. Reliable soil moisture monitoring systems 
have given growers confidence to apply water to 
match the plants needs without over watering. 


Trellising technologies 

Improved vine trellis has been a significant contrib¬ 
utor to improved grapevine productivity. Prior to the 
1960s vines were typically grown on two wire verti¬ 
cal trellis. Converting from the traditional two wire 
vertical trellis to a 0.3 metre wide T trellis increased 
yield by 15%. 

Specialised trellis for table grapes was designed 
to let the fruit hang in the filtered light reducing sun¬ 
burn and marking as well as making it easier to har¬ 
vest, improving the quality and reducing labour 
costs associated with harvesting. 

Specialised trellis designed for dried vine fruit 
production has enabled mechanisation of harvesting 
and pruning resulting in reduced labour costs. 

Pest, disease and weed control technologies 

These technologies have been a major contributor to 
improving productivity both through improved con¬ 
trol and cheaper labour costs. Chemicals technology 
has evolved from the traditional basic broad spectrum 
long lasting compounds to very specific targeted 
short term compounds. An improved understanding 
ofpests, diseases and weeds, and monitoring systems, 
have enabled integrated management systems to be 
developed that involve targeted spray treatments only 
applied when absolutely needed. 

Biological control systems have been a big suc¬ 
cess story in the irrigated Malice. Biological con¬ 
trols use natural enemies of pests and diseases 
established to provide control of the target pest or 
disease. A classic example is the control of Red 
Scale by a small wasp in citrus orchards in the re¬ 
gion (Anonymous 1976). 

Weed control technology has evolved from the 
horse drawn “Silly Plough” to a diverse range of 
chemicals to control weeds of concern. The silly 
plough was extremely slow to use and damaged vine 
root systems. Best practice weed control now is the 
use of “knock down” herbicides and mulching in 
row centres. 


Plant improvement technologies 

Clonal selection has improved yields and quality in 
dried vine fruit and wine grapes. Technologies now 
exist that enable the removal of many known dis¬ 
eases from planting material. 
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The use of grafted vines with special rootstocks is 
a technology now used to reduce the impact of soil 
borne pests and improve yields. The use of nematode 
resistant rootstocks in the 1980s increased dried grape 
yields from 3 tonne per hectare to 8 tonne per hectare. 
Rootstocks are also proving useful for other purposes 
including salinity tolerance as well as altering vigour 
and quality attributes (Ballantyne & Macrae 1986). 

Management technologies 

Management of inputs has gone from a broad ap¬ 
proach to precise management where decisions arc 
based on preliminary tests and measurements. Ex¬ 
amples include irrigation timing, pesticide applica¬ 
tion and fertiliser application. Other examples 
include the management of plant moisture stress 
being used to manipulate berry size and colour in 
wine grapes and management of the ageing process 
in oranges through the use of special sprays. 

Other technologies 

A range of more generic technologies has also played 
a significant role in improving productivity in the ir¬ 
rigated Malice. More rapid refrigerated, containerised 
transport systems that enable produce to be sent to the 
other side of the globe, cool storage technology that 
enable produce to be stored and marketed out of sea¬ 
son, automation of systems like bottling and packag¬ 
ing and computers that give us almost unlimited 
access to information as well as rapid communication 
with almost anywhere in the world. 

Future Technologies 

Current research is pointing the way in terms of new 
technologies. Some examples include increasing pre¬ 
cision of water application that use plant based indi¬ 
cators to automatically supply water, computer 
programs that will predict when pests and disease 
outbreaks will occur and how to deal with them, rapid 
DNA based pest & disease identification systems, 
“drive past" systems that detect the presence of target 
pests, diseases or weeds and then precisely apply 
sprays to control them, and systems that remotely 
measure nutrition and fruit quality status of crops and 
then apply treatments as required. Agricultural chem¬ 
icals with a low environmental impact will become 


more important. Yield and quality variability will be 
managed via computer systems to optimise produc¬ 
tivity using interactive decision making systems that 
enable problem areas with crops to be diagnosed 
treatments to be recommended and include the eco¬ 
nomics of the decisions at the same time. Technolo¬ 
gies will enable highly productive intensive 
production systems that use the same production area 
but produce twice as much yield. 

The future of genetics based plant improvement 
is in the hands of the consumer. Their attitudes will 
have a large bearing on whether genetic manipula¬ 
tion will gain widespread use for productivity gains. 

New knowledge is the secret to new technolo¬ 
gies, industries and government will need to con¬ 
tinue to invest in research to develop new knowledge 
that will continue to drive productivity and sustain¬ 
ability, our futures depend on it. 
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In 1853 two million hectares of the Victorian Malice was held under pastoral license and being 
grazed by sheep. By 1880 the licenses were largely abandoned and in 1900 the Malice had no reputation 
for cither farming or grazing largely due to rabbits, droughts and financial crisis. Three factors helped 
change that outlook; fallowing, the use of superphosphate and Federation wheat. The open channel water 
supply system reached the Malice by 1930. which also helped secure the future of the region. However, 
mechanisation and increased cultivation resulted in widespread soil erosion. There was also the emer¬ 
gence of serious weed pests, wild turnip (Rapistrum rugosum ) and mustard ( Sisymbrium orientate). In 
the 1950s the introduction of pasture legumes rehabilitated soils, competed with weeds and added value 
to the grain and livestock industries. Between I960 and 1980 a period of enterprise diversification 
evolved as a result of wheat oversupply, falling markets and cereal pests and diseases. From 1980 to 2000 
production advances were made through improved plant varieties with disease resistance, most espe¬ 
cially cereal cyst nematode (llelemdera avenue), increased use of manufactured nitrogen and targeted 
pest management. The ongoing trend is to develop systems of agriculture that are complimentary, to 
maximise water use efficiency leading to increased unit area productivity in tandem with natural re¬ 
source stability. An increased capacity to understand and integrate information and technology by the 
Malice agricultural community may be the most important components of ongoing, economic, environ¬ 
mental and social sustainability in the Malice region. 

Key words ', settlement, plant improvement, innovation. 


THE MALLEE was the last province in Victoria 
opened for settlement and people came from many 
areas bringing with them the farming practises to 
which they were accustomed. Today variations re¬ 
main in Malice dryland farm practises due to differ¬ 
ent environmental, personal and financial situations. 
However, with industry innovation and commitment 
supported by research and development the Malice 
region will continue to strive for social, environ¬ 
mental and economic improvement. 

The first Europeans to see the Malice were Cap¬ 
tain Charles Sturt and his party in 1830. They re¬ 
ferred to it as “a barren and sandy interior”. In 1836 
Major Mitchell was repelled by its difficulties. His 
notes indicated that “the soil consisted of barren 
sand, there was no grass, but there were tufts of a 
prickly bush, which tortured the horses and tore to 
rags the men's clothes about the ankles. So loose was 
it [the soil] that, but for this dwarf tree and the 
prickly grass, the sand might have drifted so as to 
overwhelm the vegetation of other districts” (Kenyon 
1982). 

The pastoral settlement of the Malice began in 
1845, and proceeded first along the Murray River, 
reaching Mildura in 1846. In 1853, two million 


hectares of Malice land were held under pastoral li¬ 
cence. Stock numbers in 1853 were 151,000 sheep 
and 5,600 cattle. By 1861 these numbers had risen 
to 240,228 sheep and 7,845 cattle. The spread of 
rabbits in the late 1870s caused a rapid deterioration 
in the pastoral situation and many holdings were 
abandoned. Wool production dropped from 5000 
bales in 1875 to only 900 in 1882 (Land Conserva¬ 
tion Council, 1974). A vertnin-proof fence was 
erected along the northern edge of the developing 
agricultural areas of the Wimmera and Northern 
Districts in the mid-1880s, to give protection to 
these areas from rabbits and wild dogs. 

PASTORAL SETTLEMENT 
1890s to the 1930s 

In a brief review of the progress of Mallee farming. 
Mullet! (1925) pointed out that in the early years of 
settlement farmers had to sow all cleared land so the 
stubble could carry the fire after harvest to scorch 
and kill the mallee shoots. Farm resources and 
implements were very few and primitive. However, 
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Decade 

Area sown 
(mean ha/year) 

Yield (t/ha) 

1900- 1910 

255 000 

0.38 

1910- 1920 

372 829 

0.56 

1920- 1930 

527 633 

0.64 


Table I. Wheat production in the Mallee over 3 decades 
from 1900-1930. 


the early years of the century saw four particularly 
important developments: 

1. The practice of fallowing, which in due course 
became standard practice for wheat growing, to 
retain soil water from one season to the next 
wheat growing season. 

2. The use of superphosphate for cereal crops was 
greatly extended, to compensate for inherently 
low soil fertility 

3. The 1901 release of Federation wheat that had 
been specifically bred for southern Australian 
conditions 

4. The commencement of experimental works in 
the Mallee by the Department of Agriculture 
evaluating and promoting fertiliser use and im¬ 
proved wheat varieties. 

Wheat production increased greatly during the 
first three decades of the 20 lh century, due to sub¬ 
stantial increases in the area sown, and also to a 
large increase in the yield per hectare (Table 1). By 
1930 the Mallee was growing 45% of the Victorian 
wheat area, and running 1 million sheep. 

Fallowing, fora period of up to 12 months prior 
to the subsequent cereal crop, was the most impor¬ 
tant factor causing grain yield to increase. In 1900 
there was less than 1 acre of fallow to every 4 acres 
of wheat in Victoria, ten years later it had risen to 
more than an acre of fallow to every two acres of 
wheat. This ratio narrowed even further during the 
1920s, with more than 80% of the wheat crop being 
grown after fallow. 

The 1930s to the 1950s 

Wheat yields were relatively stable during this pe¬ 
riod with fallowing intensifying the problem of soil 
erosion. By the early 1930s the practice was being 
seriously criticised in some quarters because of the 
increasing wind erosion damage and dust storms. 
McNab (1933) recommended that an Act be intro¬ 


duced to deal with the sand drift problem, and that a 
board of three members be appointed to supervise 
the working of the Act and to ensure that co-ordi¬ 
nated action be taken. This board reported that sand 
drift was due. in a great measure, to indiscriminate 
clearing of the natural growth and to the thoughtless 
cultivation of sandy areas on which the natural cover 
should have been allowed to remain as a protection 
against sand drift. 

There are no permanent streams through the 
Mallee so water supply was an important initial 
problem in the Mallee However, this had been ad¬ 
dressed by the early 1930s with the Wimmera- 
Mallec water supply scheme reaching the limits of 
the area that could be supplied by gravitation. This 
scheme was considered to be the largest open chan¬ 
nel system of domestic and stock water supply in the 
world. It covered about one-eighth of the State, with 
approximately 14,500 km of channels. 

The permanent water supply supported the de¬ 
velopment of a sheep industry in the Mallee. How¬ 
ever, cropping remained the main enterprise, most 
often in a fallow-wheat or fallow-wheat-oats rota¬ 
tion. This provided little opportunity for pastures 
and those that developed after cropping supported 
only a small number of livestock, often only 50-60 
sheep on each 640 acres property (260 hectares). 
Also, for many years fencing was inadequate for 
sheep. 

There were numerous technology improvements 
being evaluated and considered to be essential to 
sustain agriculture in the region at this time. These 
included: Varieties of wheat more suited to Malice 
conditions; Cultivation practices that would main¬ 
tain the benefits of a fallow but reduce the soil ero¬ 
sion hazard; Crop rotations that would ensure 
long-term cropping without a deterioration of soil 
fertility; Pasture plants that would provide a more 
satisfactory basis for sheep and lamb production 
(Sims & Webb 1982). 

The 1950s ami 1960s 

The widespread introduction of the Icy farming sys¬ 
tem. annual medics (Medicago spp.) grown in rota¬ 
tion with crops, started in the 1930s, developed in 
the 1940s and became well established in the 1950s. 
Prior to this period the cereal lands had been largely 
cropped in fallow-cereal rotations, with the result 
that soil fertility was diminished, soil structure had 
deteriorated and soil erosion was common. With re- 
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Production 

Grain 

Sheep 

Wool 

period 

(t/year) 

(Total number 
on farm) 

(kg/ha/ycar) 

1946-50 

134 

274 

4.8 

1961-65 

170 

670 

13.6 


Table 2. An individual dryland farm production 
response to the introduction of medic pastures in a ley 
farming system. 


duced areas of fallow and increased use of super¬ 
phosphate, the ley farming system produced higher 
cereal yields, supported greater livestock numbers 
and improved soil protection, and thus a far more 
stable farm income (Carter 1982). French el al. 
(1968) documented the production response to an¬ 
nual medics on a farm following successful pasture 
establishment in the late 1940s (Table 2). Donald 
(I960) envisaged the potential for doubling Aus¬ 
tralian cereal production if market demand war¬ 
ranted and contended that successful ley farming 
systems would provide the major impetus to ensure 
that achievement. 

The introduction of Insignia wheat also made a 
major difference to production during the 1950s and 
60s. Associated with the introduction of legume pas¬ 
tures, the increased use of fertilisers and herbicides 
for weed control. Insignia was an important catalyst 
for increased average grain yields, 0.6 t/ha in the 
1940s, 1 t/ha in the 1960s (Table 3). 

The 1960s and 70s 

A worldwide peak wheat-growing year occurred in 
all exporting countries including Australia in 1968. 
The subsequent 1969 crop also looked high yielding 
prompting fears that the world’s grain trade was on 
the verge of collapse. The Australian Government, 
with the support of the Australian Wheatgrowers 
Federation, decided to impose delivery quotas for 
Australian wheat. The 1969-70 quota was 
52,000,000 bushels or about 840,000 tonne and with 
projected production of 83,500,000 bushels or>! .35 
million tonne, Malice farmers were faced with the 


prospect of being able to deliver only about 70 per 
cent of their average crop. 

The greatest difficulty for the Mallee farming 
community during the early 1970s was to success¬ 
fully diversify from wheat to other enterprises. The 
drastic fall in prices for wool and sheep meat, at the 
beginning of the decade, and the disastrous slump in 
the beef industry that followed limited options for 
diversification. Wheat delivery quotas, which cre¬ 
ated so much turmoil when introduced, were rapidly 
phased out with dry conditions in 1972 and a severe 
world shortfall in wheat production. 

In the Malice, rotations were being shortened 
from a pasture-pasture-fallow-wheat rotation to 
pasture-fallow-wheat due to low animal industry re¬ 
turns and improved crop production capacity such 
as: The increased use of herbicides in cereal crops 
was limiting the establishment of annual medics 
under cereal crops (Wells 1972). The development 
of grain legumes for semi-arid regions provided al¬ 
ternatives to pasture legumes in the cropping rota¬ 
tion (Billing & Bishop 1970; Patton 1970). 

In 1978 the wheat disease take-all struck with 
particular severity over a large part of the Mallee, 
causing estimated losses in that year of more than 
$26,000,000. This lead Griffiths and Walsgott 
(1982) to promote grain legumes as the best avail¬ 
able option to maintain soil fertility and control ce¬ 
real diseases. They considered that the annual grass 
species that were dominating the medic pastures 
were a major vector of cereal disease. The grain 
legumes also provided a viable replacement for the 
fallow phase in the rotation by providing a financial 
return in a year of previously no return. This was a 
period of little or no production advance (Table 3). 

The 1980s onwards 

Mallee agricultural systems have become much 
more diverse in the 1980s through into the 21 s1 cen¬ 
tury. Areas of the southern Mallee with generally 
higher and more reliable rainfall and stable soil 
types has allowed the production of alternative 
crops, including grain legumes; field pea, chickpea, 
faba bean and the oil seed, canola has expanded. 



1900 

1920 

1940 

1960 

1980 

2000 

Average wheat yields 

0.4 

0.6 

0.6 

1 

1 

1.5 


Table 3. Victorian Malice wheat yields (t/ha) as 20-year graduations. 









364 


ROY A. LATTA 


These crops have been partly grown as replacements 
for fallow and pastures. They have also played an 
important role in the management of cereal cyst 
nematode (CCN) (Heterodeni avenae) through pro¬ 
viding economic justification to chemically control 
annual grass weeds, the CCN host plants, without 
fallow. The development of CCN resistant wheat 
and barley has also been an essential factor in al¬ 
lowing an increased ratio of cereal crops in rota¬ 
tions. Large areas of barley are grown where 
historically pastures and livestock were produced. 
There no longer is a common theme to rotations, a 
historical 3 year rotation of pasture-fallow-wheat 
may have developed into a 7 year pasture-pasture- 
canola-wheat-barley-field pea-wheat rotation with 
options to change components in response to sea¬ 
sonal, agronomic and market conditions. 

The biological and chemical control of skeleton 
weed (Chondrilla spp.) supported increased produc¬ 
tivity on the lighter sandhill soils. This improving 
productivity, and efficiency, has allowed single crop 
species to be sown over a variable farm landscape. 

The replacement of fallows has resulted in 
changes in the technology associated with preparing 
for and establishing crops. An increasing reliance on 
herbicides to control pests and diseases has resulted in 
concents and examples of pest resistance. This is as a 
result of the use of minimum tillage equipment and 
one pass seeding operations that maintain ground- 
cover and reduce the probability of wind erosion. 

In the lower and less reliable rainfall zones there 
remains some reliance on fallowing to conserve water 
for the subsequent cereal crop and provide a reliable 
and robust disease break strategy. Pastures, with sheep 
production, remain an important component of farm¬ 
ing systems, either in a pasture-wheat or paslure-fal- 
low-wheat rotation. Although Latta and Carter (1998) 
reported positive relationships between increased 
stocking rate on annual medic pastures and increased 
grain yield and protein percentage in the cereal phase 
of the rotation (Table 4) most farmers maintain very 
low stocking rates, with the emphasis on risk manage¬ 
ment strategies, not increased returns and risk. 


Extended cropping phases in rotations are also 
practised, meaning that in every year for 5 to 10 
years a grain or forage crop will be established on a 
given area of land. In the southern Malice it is nor¬ 
mally based on a mixture of crops, both cereals and 
broad-leaf, grown in a sequence to reduce the im¬ 
pact of pests and disease, and maintain the fertility 
and financial viability of the land. In drier condi¬ 
tions where broad-leaf crops are less reliable long¬ 
term cereal cropping is now being attempted. This is 
made possible with an increasing range of plant dis¬ 
ease resistance traits and selective pesticides. 

The evolution of Malice dryland agriculture has 
been based around managing environmental con¬ 
straints through adaptation and innovation sup¬ 
ported by research and development. Table 3 shows 
the key periods when productivity advances were 
made. 

The period 1900 to 1920 reflects the uptake of 
fallowing. From 1920 to 1940 there was extensive 
soil erosion and a decline in soil fertility. The 1940 
to 1960 period shows the benefits accruing from the 
introduction of ley farming with medics, cereal 
plant improvement, increased fertilizer and pesticide 
use, and farm mechanisation. During the period 
from 1960 to 1980 increases in cereal diseases and a 
general industry downturn was reflected with no ad¬ 
vance in average wheat yields. 

From 1980 to 2000 there were improvements in 
plant varieties and disease resistance, increased use 
of manufactured nitrogen and targeted pest manage¬ 
ment. Leading into the 21 s ' century research work 
relevant to the region aims to develop systems of 
agriculture which complement each other. This is 
being done by means of crop selection, use of herbi¬ 
cides, cultivation procedures and the control of soil 
fertility and plant disease. Direct drilling, precision 
fanning technology and an increased capacity of the 
agricultural workforce to accept and integrate 
knowledge and technology are important compo¬ 
nents to ensure the ongoing, economic, environmen¬ 
tal and social, sustainability of the Malice. 



Wheat yield (t/ha) 

Grain Protein (%) 

High Stocking Rate 

2.8 

13.7 

Low Stocking Rate 

2.3 

12.8 


Table 4. Wheat production (t/ha) and grain protein (%) in the year following grazing of medics at both high (5 DSE/ha) 
and low (2.5 DSE/ha) stocking rates. 
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This paper discusses the history of biological control of citrus pests in the Malice region of north 
west Victoria. The first introductions of parasitoids for control of red scale on citrus were in 1947, and 
it was not until 1971 that biological control of the main citrus pest, red scale, was achieved. Since then, 
integrated pest management programs have been developed that enable citrus growers to meet changing 
market requirements, and challenges caused by the emergence of new citrus pests. 

Key words: biological control, citrus, pest, parasitoid 


BIOLOGICAL CONTROL of insect pests on citrus 
has a long and interesting history, dating back to 1888 
when an American entomologist, Albert Kocbclc, was 
sent to Australia to collect natural enemies of cottony 
cushion scale, which at that time was devastating the 
citrus industry in California. His introductions to Cal¬ 
ifornia of the Vedalia beetle, Rodalia cardinal is, and 
a parasitic fly, Crypotchaetiun iceryae, resulted in bi¬ 
ological control of cottony cushion scale in California 
(Caltagirone and Doutt 1989). 

In Australia, the first record of attempted biolog¬ 
ical control was the transfer of the ladybird Harmonia 
conformis from New South Wales to Western Aus¬ 
tralia in 1896. In 1901, the Government of Western 
Australia appointed the Californian entomologist, 
George Compere, to introduce biological control 
agents against exotic insect pests. Compere travelled 
around the world to find natural enemies of pests in 
Western Australia, and in the period to 1910, intro¬ 
duced several predators and parasitoids, many of 
which were not properly identified (Wilson 1960). 

Compere introduced a wasp parasitoid, thought 
to be A pint is chrysomphali , into Western Australia 
from China in 1905 for control of red scale, Aoni- 
diella aurantii (Waterhouse and Sands 2001). Red 
scale is the major pest of citrus in warm, irrigated 
citrus growing areas in Australia. This introduction, 
followed by several further introductions of biologi¬ 
cal control agents for control of red scale and other 
citrus pests, was the start of the successful imple¬ 
mentation of biological and integrated pest manage¬ 
ment in Australian citrus. 

This paper discusses the introduction and success 
of the various biological control agents for citrus 


pests of irrigated horticulture in the Mallee region, 
and the practical benefits to the citrus industry. 

INTRODUCED PARASITOIDS AND THEIR 
EFFECTIVENESS IN CONTROL OF 
RED SCALE 

The irrigation areas around Renmark and Mildura 
were founded by the Chaffcy brothers in 1887, who 
also imported Washington Navel and Valencia orange 
trees from California. From this, a thriving industry 
developed in the inland irrigation areas of South Aus¬ 
tralia, Victoria and New South Wales, which collec¬ 
tively produce about 75% of Australia’s citrus. Up 
until the 1980s, most citrus was used consumed in 
Australia as fresh fruit or juice, but since then the 
juice market has declined and fresh fruit for export 
and domestic markets is the most profitable sector. 

Citrus growers in Victoria became interested in 
biological control during the mid 1940s, when diffi¬ 
cult economic circumstances during the war period 
led some citrus growers in the Mildura region to 
withhold normal scale control measures. The main 
citrus pests were red scale, Aonidiella aurantii, and 
yellow scale, A. citrina. Insecticide treatments for 
red and yellow scale at that time were fumigation 
with hydrogen cyanide, or sprays of petroleum oil. 

It was observed that scale populations in the un¬ 
treated citrus groves declined despite the absence of 
insecticide treatments, and this decline was attrib¬ 
uted to the action of predatory insects. However, it is 
possible that the predominant scale in these citrus 
groves was yellow scale. The Japanese race of the 
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parasitoid Comperiella bifasciata had been im¬ 
ported into Australia by CSIRO in 1942, and was ap¬ 
parently successful in controlling yellow scale 
(McLaren 1978). However, it did not establish on 
red scale. 

The Chinese race of Comperiella bifasciata was 
introduced into Australia by CSIRO in 1947, for 
control of red scale. The Victorian citrus entomolo¬ 
gist at that time, Mr. C.J.R. Johnston, obtained 
stocks ofthis parasitoid and established it in the Mil- 
dura region during 1949. 

Johnston obtained stocks of Aphytis chrysom- 
phali from California and New South Wales in 1954, 
which resulted in establishment of the parasitoid in 
Sunraysia. Appreciating the potential of biological 
control, the Mildura and District Citrus Growers’ 
Cooperative Association funded a study tour to Cal¬ 
ifornia by Johnston in 1956, and in 1958, asked the 
Victorian Department of Agriculture to establish an 
insectary at Mildura to rear and distribute para- 
sitoids of red scale. 

In 1961, Johnston imported and subsequently es¬ 
tablished Aphytis melinus, currently regarded as the 
most effective parasitoid of red scale in citrus areas of 
south east Australia. Aphytis linganansis was also in¬ 
troduced, but did not become established until later 
releases in 1970. The effectiveness of A.melinus was 
demonstrated at the citrus area of Boundary Bend, 
where citrus growers adopted biological control of 
red scale shortly after its establishment. 

In 1967, the Victorian Department of Agricul¬ 
ture established a new laboratory with insect rearing 
facilities at Mildura, which was used to rear, release 
and evaluate red scale parasitoids. Aphytis melinus 
became widely distributed, and by 1974 had dis¬ 
placed A. chtysompltali and A.lingnanensis in both 
Riverland and Sunraysia citrus groves (Furness et al. 
1993). Abdelrahman (1974) showed that A.melinus 
had twice as many progeny, lives longer, and de¬ 
stroys more red settle through oviposition and muti¬ 
lation, in comparison to A.chrysomphali. The 
competitive displacement of A.chrysomphali by 
A.melinus occurred during seasons with very low 
numbers of red scale, suggesting that effectiveness 
of finding the scales may also be involved. 

Encarsia perniciosi was introduced to Sunraysia 
from California in 1970, and subsequently estab¬ 
lished in the Mildura region in 1974. This endopar- 
asitoid mainly attacks the second instar of red scale. 
Field sampling of unsprayed citrus properties in 
Mildura during 1975 to 1977 showed that A.melinus 
was the dominant red scale parasitoid (8.4 - 23.7 % 


parasitism), followed by E. perniciosi (0.4 - 4.1%), 
and C.bifasciata (0.1 - 0.2%) (Buchanan and 
McLaren 1979). 

By the early 1970s, most citrus groves in Sun¬ 
raysia were either unsprayed or used sprays of pe¬ 
troleum oil to control red scale, the dominant citrus 
pest. Other citrus pests were either tolerated or con¬ 
trolled with chemicals that did not have persistent 
residues, usually petroleum oils. Such programs al¬ 
lowed citrus growers to produce fruit of similar 
quality to that produced under insecticide based pro¬ 
grams. About 80-90% of scales are removed from 
fruit during washing and processing in packing 
sheds, and fruit with skin blemishes (including red 
scale) was generally processed to juice. 

Insecticidal control of citrus scale insects is lim¬ 
ited by difficulties in achieving spray coverage in 
large trees. High rates of maldison (Richardson 
1967), or maldison in combination with petroleum 
oils were sometimes recommended for control of 
red scale. Abdelrahman (1973b) showed that the 
parasitoids Aphytis melinus, Comperiella bifasciata, 
and the ladybird Lindorus lophanthae were highly 
susceptible to maldison relative to red scale, and 
concluded that maldison could not be integrated 
with biological control of red scale. Campbell 
(1975) showed that a minimum of 27 days weather¬ 
ing were required to achieve 50% survival of A.meli¬ 
nus after a 0.15% maldison spray in summer, while 
a spray of 2.5% petroleum oil was non toxic after 7 
days. The main factor in integrating pesticides with 
biological control of red scale appears to be persist¬ 
ence of residues and their toxicity to A.melinus. It 
can be inferred that ineffective spray coverage al¬ 
lows parasitoid survival and continued biological 
control where relatively non persistent chemicals are 
used (Davies and McLaren 1977). 

In South Australia, Australia's first commercial 
inscctary, Biological Services Inc., was established 
in 1971 to distribute A.melinus to Riverland or¬ 
chards. This parasitoid was well established in the 
Riverland by 1975 (Furness et al. 1983). The com¬ 
mercial availability of parasitoids is also useful in 
circumstances (eg extremely cold winters or hot 
summers) where it is required to augment parasitoid 
populations affected by weather conditions. Abdel- 
rhaman (1973a) concluded that cold is more critical 
for red scale that A. melinus, but the reverse applies 
with heat. 

Integrated pest management became the pre¬ 
ferred technique for management of citrus pests in 
the inland irrigated areas of Australia during the 
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1970s. In the Mildura region, a 1972 survey of 
growers producing export quality citrus indicated 
that biological control of red and yellow scales had 
reduced annual spray costs by more than $200,000 
(McLaren and Buchanan 1973). Surveys by Davies 
(1974) showed that 70% of citrus growers in Mil- 
dura were using biological or integrated control of 
citrus pests, with corresponding figures of 63% in 
Renmark, 33% in Berri, and 18% in Waikerie. 

Biological Services Inc. continued to rear and 
distribute A. melituts in south east Australia, and in 
Queensland another commercial insectary (Bugs for 
Bugs) was established to rear A. iingnanensis , for 
both establishment and for inundative releases of 
Aphytis spp. in subtropical citrus regions. 

THE EFFECTS OF MARKET CHANGES ON 

BIOLOGICAL CONTROL OF CITRUS PESTS 

The increasing trend for Australian citrus to be mar¬ 
keted as fresh fruit, and a greater reliance on re¬ 
liance on exports, has required high standards of 
fruit quality and freedom from pests. The decline in 
prices for citrus juice has reduced the market for 
juice fruit, consequently there is a low tolerance and 
poor economic returns for fruits with skin markings, 
which include the presence of red scale. 

The response of the citrus industry has been to 
fund and implement research and development proj¬ 
ects that further improve the effectiveness of biolog¬ 
ical control, and to develop integrated pest 
management techniques that complement biological 
controls. There are now effective biological and in¬ 
tegrated pest management programs for most signif¬ 
icant citrus pests in Australia (Smith ct al. 1997). 
The awareness of, and access to, biological control 
agents for citrus and other crops has been increased 
through the activities of the Australian Biological 
Control Association, a network of commercial in¬ 
sectaries (Lewellyn 2002). 

While red scale has remained under effective bi¬ 
ological control, augmented where required by oil 
sprays or inundative releases of Aphytis, some other 
citrus pests have increased their range and/or impor¬ 
tance as pests, due to changing quality or market ac¬ 
cess requirements. 

Several scale insects and mealybugs on citrus 
produce honeydew, which in turn results in develop¬ 
ment of sooty moulds that reduce the appearance of 
citrus fruits. The main soft scale pests are citricola 
scale, Coccus pseudomagnoliarum, soft brown 


scale. Coccus hesperidum , and black scale, Saisselia 
oleae. 

The biological control of soft brow n scale was 
further improved by the introduction from Califor¬ 
nia and release of the parasitoid, Metaphycus luteo- 
lus , in inland citrus regions during 2002 and 2003. 
Metaphycus lounsburyi ( barletti) was imported and 
successfully released to increase biological control 
of black scale (Lewlellyn 2002). These scales now 
have several effective predators and parasitoids, pro¬ 
vided that ants, which interfere with biological con¬ 
trol, arc suppressed in citrus groves. 

The native Australian parasitoids, Coccophagus 
gurneyi and Tetracnemoidea brevicornis, were re¬ 
distributed from coastal regions to improve control 
of biological control of citrophilus mealybug, con¬ 
sidered native to eastern Australia. 


COPING WITH NEW CITRUS PESTS 

A further challenge to maintenance of biological 
control practices was the spread of spined citrus 
bug. Biprorulus bihax , to southern Australia in 
1985, and citrus leaf miner, Phyllocnistis citrella, in 
1989. 

Spined citrus bug is a native insect that feeds on 
desert lime, and has been a minor pest of lemons and 
mandarins in subtropical citrus. Its spread to south¬ 
ern citrus areas in 1985 resulted in the need for in¬ 
secticide applications on lemon crops. However, the 
egg parasites Trissolcus oenone and Anastatus 
biproruli have since spread and become established 
across the range of spined citrus bug and, together 
with predatory bugs, reduced the need for insecti¬ 
cide sprays. 

Citrus leaf miner, a native of eastern and south¬ 
ern Asia, has been slowly spreading through the 
tropical regions of Australia since 1940. However, 
between 1989 and 1993 it spread to the inland citrus 
areas, and became a common pest. The larvae mine 
in leaves of growth flushes, and can affect growth of 
young trees. The disfigured shoots shelter mealy¬ 
bugs and other insect pests, potentially increasing 
pest populations that reduce quality of fruits. Popu¬ 
lations of citrus leaf miner are reduced by the native 
parasitoid Semilacher petiolatus , and two intro¬ 
duced parasitoids, Ageniaspis citricola and Cir- 
rospilus quadristriatus. The combination of 
parasitoids, and oil sprays to reduce egg laying by 
the moths on citrus leaves, provides acceptable con¬ 
trol of this pest (Beattie 2004). 
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Kelly’s citrus thrips, Pezothrips kellyanus, has 
been recognised as a serious pest of citrus since the 
early 1990s, causing a halo marking which reduces 
quality of navel and Valencia oranges. The demand 
for export quality fruit has led to increasing applica¬ 
tion of broad spectrum insecticides for its control. 
Current research (Baker 2005) suggests that resist¬ 
ance has developed to some of these insecticides, 
and that soil dwelling mite predators of the pupae of 
Kelly’s citrus thrips may be effective biological 
controls. 


INTEGRATED PEST MANAGEMENT 

The text "Citrus pests and their natural enemies: in¬ 
tegrated pest management in Australia” (Smith et al. 
1997) lists 25 significant citrus pests that are occur 
in the Malice area. In addition to the natural enemies 
associated with each of these pests, there are practi¬ 
cal guidelines for pest monitoring and preferred 
techniques for integrated pest management. Only 
one of these pests, elephant weevil (Orthorhinus 
cylindrirostris) has no identified natural enemies 
listed. 

The exclusion of ants from citrus trees, by skirt¬ 
ing trees and applying physical or chemical barriers, 
prevents the ants from fostering populations ofhon- 
eydew producing insects. It can also exclude flight¬ 
less insect pests, such as Fuller’s rose weevil. 
However its effects on beneficial insects, particu¬ 
larly predatory beetles and bugs remains to be 
determined. 

The ability to use insecticide sprays that cause 
little disruption to natural enemies of citrus pests 
has been a key factor in citrus pest management. Oil 
sprays have proved to be effective on scale insects, 
and while natural enemies are killed if contacted by 
the spray, the short lived residues have little effects 
on the surviving natural enemies, while Beattie 
(2004) stated that oil residues deterred egg laying by 
citrus leaf miner. New classes of insecticides, for ex¬ 
ample those that act as insect growth regulators, 
have promise for selective pest control in the future. 

CONCLUSIONS 

The introduction and establishment of biological 
control for red scale and other citrus pests in Aus¬ 
tralia has provided the foundation for practical tech¬ 
niques of integrated pest management that have met 


changing market requirements for Australian citrus. 
The viability of integrated pest management has 
been largely due to continued research into and de¬ 
velopment of biological control for citrus pests, the 
availability of selective pesticides that augment bio¬ 
logical control, sound monitoring techniques for 
pests and their natural enemies, and the opportuni¬ 
ties to purchase biological control agents. 
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Weeds arc a significant threat to primary production and biodiversity conservation in the Mallee. A 
range of research projects and programs are under way in the areas of weed risk assessment, reducing 
the impact of agricultural weeds and biological control of weeds that will assist in reducing the impacts 
of weeds on Malice agriculture and natural ecosystems. These projects are outlined and their outcomes 
for the Mallee discussed. The threat of emerging aquatic weeds to the freshwater resources of the Mallee 
and the need for early intervention in eradicating new infestations is raised. 
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WEEDS ARE IDENTIFIED as amongst the most 
serious threats to primary production and biodiver¬ 
sity conservation in the National Weeds Strategy 
(Anonymous 1999). The estimated annual cost of 
weeds to Australian agriculture is S3.93 billion, in¬ 
creasing to S4.03 billion if control costs in natural 
environments are included (Sinden et al. 2004). 
Weeds add S360 million annually in control costs to 
the Victorian economy while the environmental 
costs are unquantified (Anonymous 2002). 

In the Victorian Mallee, weeds are estimated to 
cost the farming community about $20 million per 
year (Anonymous 2000) and require significant in¬ 
vestment from the public sector estimated at 
$500,000 annually from the Department of Sustain¬ 
ability & Environment and Parks Victoria. 

A number of strategies are in place at the na¬ 
tional and state level, and locally in the Mallee re¬ 
gion to guide weed management action. As with 
many other natural resource management issues, 
there is a system of cascading strategies. These are: 

1. The National Weed Strategy that identifies 20 
Weeds of National Significance (Anonymous 
1999). 

2. The Victorian Weed Strategy that guides action 
on 104 species currently declared in different 
categories under the Victorian Catchment and 
Land Protection (CaLP) Act (Anonymous 
2002 ). 

3. The Mallee Weed Action Plan that lists priority 
weeds for management action in the Mallee re¬ 
gion. It currently lists two new and emerging 


weeds, 11 priority weeds and six controlled 
weeds (Anonymous 2000). 

The question here is, how can science assist in 
reducing the impact of weeds as part of integrated 
catchment management in the Mallee region? 

1. By developing an understanding of their ecol¬ 
ogy to assist in the development of effective and 
efficient management options. 

2. By developing assessment and modelling tools 
that assist in ranking established and new weeds 
for management action based on their economic, 
environmental and social impacts. 

3. By developing integrated management tools for 
treatment of existing problems in agricultural, 
natural and aquatic ecosystems. 

4. By developing tools for rehabilitation of de¬ 
graded catchments (land + water) to a desired 
state. 

5. By developing and implementing biological 
control of widespread weeds. 

This paper outlines the problems caused by 
weeds in the Mallee and gives examples of how sci¬ 
ence contributes to managing the impact of these 
weeds. 


IDENTIFYING MALLEE WEEDS FOR 
PRIORITY MANAGEMENT 

The current Victorian noxious weed list is outdated 
and the Victorian government is currently conduct¬ 
ing a systematic review on a statewide as well as in- 
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dividual Catchment Management Authority (CMA) 
basis (Weiss ct al. 2004). This is the first detailed re¬ 
view since 1974 and is being done through the Vic¬ 
torian Pest Plant Assessment Project. The project 
has developed a decision support system, (Weiss & 
McLaren, 2002), that uses scientific data and expert 
opinion in a transparent modelling exercise to rank 
weeds for management action. It will identify and 
recommend priority weeds for declaration at the 
statewide level and in each CMA region including 
the Mallee CMA Region. 

The decision support system relies on a multi¬ 
criteria analysis/analytical hierarchical process. The 
process assists in breaking down a complex, un¬ 
structured situation into its component parts; ar¬ 
ranging these parts into a hierarchical order; 
assigning numerical values to subjective judgements 
on the relative importance of each variable; and 
weighting the components to determine which vari¬ 
ables have the highest priority. The three compo¬ 
nents, invasiveness, impact and distribution, each sit 
above a hierarchy of criteria and intensity ratings. 
Impact criteria can be weighed differently depend¬ 
ing on stakeholder values. The process arrives at a 
score for each plant, allowing a preliminary ranking 
of the most invasive weeds and the ones that have 
most current and potential impact for the Mallee re¬ 
gion. This then allows practitioners to look at differ¬ 
ent control scenarios and investigate the return on 
investment of the separate scenarios (Weiss et al. 
2002). Table 1 shows a preliminary ranking of 
weeds currently listed as “New or Emerging”, “Pri¬ 
ority” or “Controlled” in the Mallee Weed Action 
Plan (Anonymous 2000) based on invasivcncss, im¬ 
pact, current and potential distribution and a return 
on investment for an achievable management sce¬ 
nario. Rank relates to the current Victorian noxious 
weeds list, currently totalling 101 weeds. This infor¬ 
mation can then be used by the Mallee CMA for 
community consultation leading to declaration 
under the Victorian CaLP Act. 

The process is transparent, so that as knowledge 
grows, new data can be incorporated or weightings 
revised, and more accurate predictions and recom¬ 
mendations can be made. All the data for each weed 
are posted on the on the Victoria’s Resources Online 
website at http://www.dpi.vic.gov.au/dpi/vro/vrosite. 
nsf/pages/weeds_vic_nox_review. 

Victoria’s weed risk assessment modelling tools 
have been developed for terrestrial weeds and scien¬ 
tists arc currently in the process of modifying them 
to improve risk assessment of aquatic weeds. 


AGRICULTURAL WEEDS 

A number of agricultural weeds impact on farming 
systems in the Mallee. The majority are weeds of 
cropping and a range of research projects on crop¬ 
ping weeds is carried out by the Sustainable Crop¬ 
ping Systems Program of the Cooperative Research 
Centre for Australian Weed Management (Anony¬ 
mous 2005). Projects on herbicide resistance, con¬ 
trol and eradication of branched broomrape 
(Ornbanche ramosa), weed management in the non¬ 
crop phase in southern farming systems, optimising 
competitiveness of winter pulses, dynamics of 
weeds in summer fallows, planting technologies for 
weed suppression and biological control of weeds of 
annual cropping systems are currently under way. 
All of this research will benefit the cropping indus¬ 
tries in the Mallee. 

In addition, research on the management of a 
number of unpalatable tussock grasses is of particu¬ 
lar interest to the Mallee grazing industry. Eleven 
species of South American tussock grasses are natu¬ 
ralised and spreading in southeastern Australia. 
They arc serious threats to meat and wool industries 
because they arc unpalatable to stock (McLaren et 
al. 2004). They arc also a serious threat to the biodi¬ 
versity of remnant native grasslands because selec¬ 
tive control of these weeds in grasslands is difficult 
and costly. 

Three species arc of particular concern to the 
Mallee: Chilean needle grass (Nassella neesiana), 
serrated tussock (Nassella trichotoma) and Mexican 
feather grass, (Nassella tenuissima). 

Research on unpalatable grasses includes eco¬ 
logical studies, selective herbicide trials, determin¬ 
ing the extent of and managing herbicide resistance, 
grazing control options, investigating biological 
control options (Chilean needle grass and serrated 
tussock), and reducing seed spread along roadsides 
through improved slasher design. 

BIOLOGICAL CONTROL OF WEEDS 

Biological control is the use of the natural enemies 
selected from the plant’s native area to suppress the 
plant where it is considered a weed. It is an environ¬ 
mentally friendly and cost effective technique, and, 
if successful, can be used as part of integrated weed 
management plans to offer long term suppression of 
widespread infestations of targeted weeds (Bruzzcse 
1993). 
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Weed 

Current 

Mallee 

infestation 

(hectares) 

Present 
distribution 
by land use 

Achievable strategy 

investment 

period 

(years) 

Benefit- 
cost ratio 

Final Risk 
Assessment 
Score 
(Max. = 1) 

Rank out 
of 101 (1 is 
highest 
priority) 

Mesquite 

Prosopis spp 

2 

100.0% Cropping 
0.0% Grazing 

0.0% Irrigated 

0.0% Public land 

Eradicate. Suppress 
current infestation 
from 2ha to 0.02ha 

10 

$2,034.11 

0.6428 

15 

Camelthorn 

Alhagi 

maurorum 

13 

50.0% Cropping 
0.0% Grazing 

0.0% Irrigated 

50.0% Public land 

Eradicate. Suppress 
current infestation 
from I3ha to 0.13 ha 

10 

$16.71 

0.6047 

16 

Serrated tussock 

Nassella 

trichotoma 

1 

0.0% Cropping 

0.0% Grazing 

1.6% Irrigated 
98.4% Public land 

Eradicate. Suppress 
current infestation 
from lha to 0.01 ha 

10 

$28.94 

0.5780 

27 

Prickly pear 
all species 

Opuntia spp. 

300 

10.0% Cropping 
0.0% Grazing 

0.0% Irrigated 
90.0% Public land 

Reduce & Contain 
current infestation 
from 300ha to 150ha 

20 

$33.23 

0.5563 

36 

Cape tulip, 2 leaf 
Homeria flaccida 

2 

0.0% Cropping 

0.0% Grazing 

0.0% Irrigated 
100.0% Public land 

Eradicate. Suppress 
current infestation 
from 2ha to 0.02 ha 

10 

$48.50 

0.5430 

39 

Noogoora Burr 

Xanthium 

spinosum 

800 

0.0% Cropping 

5.0% Grazing 

0.0% Irrigated 

95.0% Public land 

Reduce & Contain 
current infestation 
from 800ha to 400ha 

20 

$3.34 

0.5369 

43 

Boxthorn 

Lycium 

ferocissimum 

10,000 

40.0% Cropping 
0.0% Grazing 

0.0% Irrigated 

60.0% Public land 

Reduce & Contain 
current infestation 
from 10,000ha to 
5,000ha 

20 

$11.15 

0.5270 

47 

Hoary cress 

Cardaria 

draba 

4,600 

95.0% Cropping 
0.0% Grazing 

0.0% Irrigated 

5.0% Public land 

Maintain current 
infestation at 4,600ha 

30 

$32.83 

0.4903 

56 

Boncseed 

Chrysanthemoides 

monilifera 

550 

5.0% Cropping 

0.0% Grazing 

0.0% Irrigated 

95.0% Public land 

Reduce & Contain 
current infestation 
from 550ha to 275ha 

20 

$10.54 

0.4884 

57 

Hardhead 
Acroptilon repens 

5,000 

80.0% Cropping 
0.0% Grazing 

5.0% Irrigated 

15.0% Public land 

Maintain current 
infestation at 5,000ha 

30 

$8.51 

0.4874 

59 

Silverleaf 

nightshade 

Solatium 

elaeagnifolium 

6,000 

90.0% Cropping 
0.0% Grazing 

0.0% Irrigated 

10.0% Public land 

Maintain current 
infestation at 6,000ha 

30 

$51.29 

0.4630 

68 

Dodder 

Cuscuta spp 

250 

Not given 

Reduce & Contain 
current infestation 
from 250ha to 125ha 

20 

$55.50 

0.4629 

69 

Spiny rush 

Juncus acutus 

2,000 

15.0% Cropping 
0.0% Grazing 

0.0% Irrigated 

85.0% Public land 

Reduce & Contain 
current infestation 
from 2,000ha to 1,000ha 

20 

$9.89 

0.4420 

77 

Horehound 

Marruhium 

vulgare 

60,000 

25.0% Cropping 
25.0% Grazing 

0.0% Irrigated 

50.0% Public land 

Maintain current 
infestation at 60,000ha 

30 

$1.09 

0.3904 

85 

Spiny emex 

Emex australis 

45,000 

90.0% Cropping 
5.0% Grazing 

0.0% Irrigated 

5.0% Public land 

Maintain current 
infestation from 
45,000ha 

30 

$30.19 

0.3372 

94 

Spiny burr grass 

Cenchrus 

longispinus 

500,000 

90.0% Cropping 
0.0% Grazing 

0.0% Irrigated 

10.0% Public land 

Maintain current 
infestation at 

500,000ha 

30 

$3.11 

0.2684 

101 


Ttihle 1. Using the decision support system to rank weeds currently listed as “New or Emerging’’, “Priority” or “Con¬ 
trolled” in the Malice Weed Action Plan (Anonymous 2000) based on invasiveness, impact, current and potential distri¬ 
bution and a return on investment for an achievable management scenario. Rank relates to the current Victorian noxious 
weeds list currently totalling 101 weeds. 
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The weed biocontrol project of greatest interest 
to the Malice region is bridal creeper (Asparagus as- 
paragoides ) a South African vine, recognised pre¬ 
dominantly as an environmental weed. Bridal 
creeper invades a wide range of habitats from 
coastal vegetation to malice shrub-lands. It forms 
dense canopies in the cooler months, smothering na¬ 
tive vegetation and is a major threat to biodiversity 
(ARMCANZ, ANZECC et al. 2001). 

It is also a weed of horticulture in the Mallee, es¬ 
pecially in citrus orchards (Kwong & Holland-Clift 
2004). Bridal creeper is considered by citrus grow¬ 
ers in the Riverina, Sunraysia and Riverland irriga¬ 
tion areas to be one of the most troublesome weeds 
affecting their orchards. The smothering effect of 
bridal creeper, combined with competition from its 
extensive perennial root system, contributes to re¬ 
duced tree growth and fruit production. Citrus grow¬ 
ers have been struggling to control bridal creeper 
adequately because there are no selective herbicides 
that can be used on the citrus canopy and the physi¬ 
cal removal of the thick perennial root mats is 
expensive. 

A national biological control program against 
bridal creeper started in the late 1990s and citrus 
growers have been keen participants in the hope that 
it would solve their problems. Consequently, a pilot 
project sponsored by the Murray Valley Citrus Mar¬ 
keting Board commenced in 2000 to determine if 
the biological control agents would establish, persist 
and be effective in the highly disturbed orchard en¬ 
vironment that included pest and disease manage¬ 
ment practices. 

Three agents imported from the weed’s area of 
origin in South Africa arc available for release. The 
leafhopper, Zygina sp. and the rust fungus, Puccinia 
myrsiphylli, have been released since 1999 and 2000 
respectively. A third agent, the leaf-feeding beetle, 
Crioceris sp. has also been released at a small num¬ 
ber of locations. Release sites were set up in bridal 
creeper infestations in, or adjacent to citrus or¬ 
chards. A total of 13 leafhopper and 17 rust releases 
were conducted and monitored in the last five years. 
Both agents established readily with 85% of 
leafhopper sites and 77% of rust sites established. 

More recently, ‘spore water’ (a suspension of 
bridal creeper rust in water) has been applied to cit¬ 
rus orchards using orchard sprayers, while an aerial 
application by a crop duster has been trialed to 
achieve broader-scale delivery of the rust. Research 
into improving the spore water technique is still in 
progress. 


The leafhopper and rust fungus have proven that 
they can establish readily both within and adjacent 
to the orchard and are already causing severe defoli¬ 
ation of bridal creeper three years after release. A 
grower survey identified that the use of insecticides 
and fungicides in orchards was unlikely to be dele¬ 
terious to the biological control agents because pes¬ 
ticides are generally applied outside the peak 
periods of activity for the leafhopper and rust. 

The added benefit of the biological control ap¬ 
proach is the suppression of bridal creeper in un- 
managed and natural areas, thus reducing the rate of 
bridal creeper invasion into orchards. 

Release of bridal creeper biological control 
agents is being done through the Weed Warriors pro¬ 
gram. Weed Warriors is a national community en¬ 
gagement program that aims to enhance community 
awareness and involvement in local weed issues 
(McCarthy & McArthur 2005). The program fo¬ 
cuses on linking school students with a network of 
regional stakeholders and community groups. Weed 
Warriors students become actively involved in the 
management of a local weed problem when they 
take on the task of breeding, in their classroom, a bi¬ 
ological control agent required for a local weed con¬ 
trol program. Thirteen schools in the Mallee have 
been involved in the bridal creeper biological con¬ 
trol program through the Weed Warriors program 
(M. McCarthy pers. comm. 2005). 

THE AQUATIC WEED THREAT 

Water is a very important and scarce resource in the 
Mallee region. A range of exotic aquatic plants is 
emerging as major threats to the aquatic resources of 
the Mallee and the entire Murray Darling Basin. 
Many of these plants are currently sold by the aquar¬ 
ium and nursery industries and are thoughtlessly 
discarded by people in waterways, where they easily 
establish and spread. 

Thick mats of submerged and emergent aquatic 
weeds have serious impacts on aquatic ecosystems, 
which in specific cases may include: 

1. Deterioration of aquatic biodiversity through re¬ 
placement of native plants and depriving native 
fish, invertebrates and animals of their natural 
habitats and food. 

2. Reduced water quality by their effect of reduc¬ 
ing oxygen and modifying colour and turbidity. 

3. Increased number of waterborne pests such as 
mosquitoes, exotic snails and carp. 
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4. Reduced useful water surfaces for recreational 
activities such as fishing and swimming. 

5. Increased siltation of rivers, wetlands and irriga¬ 
tion channels. 

6. Increased flood damage. 

Control options for submerged weeds are lim¬ 
ited and some cause water contamination. Use of 
herbicides in aquatic ecosystems is rigidly con¬ 
trolled while mechanical control is expensive, can 
lead to spread from vegetative propagules and may 
also damage waterways and channels. 

Three species of exotic aquatic weeds are of par¬ 
ticular concern to the Malice. These are alligator 
weed (Altertian them philoxeroides) arrowhead 
(>Sagittaria spp.), and parrot’s feather ( Myriophyllum 
aquaticum). 

Alligator weed is a South American plant that is 
a serious aquatic weed on a global basis. It is not 
currently present in the Malice but is the highest 
ranked weed threat for Victoria’s aquatic resources 
and is under an eradication program as a State Pro¬ 
hibited Weed in Victoria. 

Parrot’s feather is a feathery aquatic plant from 
South America with stems that can grow up to 2 m 
in length, protruding from the water up to 300 mm. 
It is commonly sold by the aquarium industry and is 
established in a number of waterways and wetlands 
in Victoria. There is a 30 km infestation of parrot’s 
feather in Gunbower Creek in northern Victoria and 
if this infestation spreads, it is a serious threat for all 
streams and wetlands in the Mallee. 

Arrowhead is an emergent North American 
aquatic plant that is rapidly spreading in irrigation 
areas of Northern Victoria and the Rivcrina. It is a 
threat to shallow waterways, wetlands and irrigation 
infrastructure throughout the Murray Darling Basin. 
An estimated 30% of irrigation channels in the Mur¬ 
ray Valley Irrigation area are infested and current 
management costs are over $250,000 per annum. 
This plant appears likely to become much more 
widespread in the next decade and currently we do 
not have the knowledge to manage it, other than 
high rates of herbicide application or mechanical re¬ 
moval. Both of these techniques arc expensive and 
unsuitable for natural watercourses or wetlands. 
Goulburn-Murray Water is carrying out herbicide 
trials and the Department of Primary Industries is 
doing a biological control feasibility study. Goul¬ 
burn-Murray Water has recently treated 600 infesta¬ 
tions of this weed along the Murray. 

It is important that private and public land man¬ 
agers in the Mallee region familiarise themselves 


with these aquatic weeds and report any infestations 
for priority treatment. Early intervention and eradi¬ 
cation are the only feasible management options to 
ensure that these and other exotic aquatic weeds 
don’t become widespread and severely impact on 
the Malice’s water resources. 


ACKNOWLEDGEMENTS 

The weed research projects mentioned in this paper 
are funded by the Victorian Department of Sustain¬ 
ability and Environment, the Commonwealth Gov¬ 
ernment, the Murray Valley Citrus Board and the 
Cooperative Research Centre for Australian Weed 
Management. Initial colonics of bridal creeper bio¬ 
logical control agents were supplied by CSIRO En¬ 
tomology. Goulburn Murray Water supplied 
information on distribution and costs of aquatic 
weeds and their management. 

REFERENCES 

Anonymous, 1999. The national weeds strategy: a 
strategic approach to weed problems of na¬ 
tional significance. Agriculture and Re¬ 
source Management Council of Australia 
and New Zealand, Australian and New 
Zealand Environment and Conservation 
Council and Forestry Ministers, 52 pp. 
Anonymous, 2000. Mallee Weed Action Plan. Mallee 
Catchment Management Authority. Depart¬ 
ment of Natural Resources and Environ¬ 
ment, Melbourne, 28 pp. 

Anonymous, 2002. Victorian Pest Management, a 
Framework For Action - Weed Manage¬ 
ment Strategy. State of Victoria. Depart¬ 
ment of Natural Resources and 
Environment, Melbourne, 20 pp. 
Anonymous, 2005. Cooperative Research Centre for 
Australian Weed Management. Annual Re¬ 
port 2004-2005, 104 pp. 

ARMCANZ, ANZECC, et al„ 2001. Weeds of Na¬ 
tional Significance, Bridal Creeper (As¬ 
paragus asparagoides) Strategic Plan. 
Agriculture & Resource Management 
Council of Australia & New Zealand, Aus¬ 
tralian & New Zealand Environment & 
Conservation Council and Forestry Minis¬ 
ters, National Weeds Strategy Executive 
Committee, Launceston. 


378 


ELIGIO BRUZZESE RAE KWONG DAVID MCLAREN & JOHN WEISS 


Bruzzese, E., 1993. The role of biological control in 
weed management - what is success? Plant 
Protection Quarterly 8: 147-50. 

Kwong, R.M. & Holland-Cuft, S., 2004. Biologi¬ 
cal control of Bridal creeper. Asparagus as- 
paragoides (L) W. Wight, in citrus 
orchards. In Proceedings of the Nth Aus¬ 
tralian Weeds Conference, B.M Sindel & 
S.B. Johnson, cds. Weed Society of New 
South Wales, Sydney, 329-332. 

McCarthy, M. & McArthur, K.., 2005. Weed W'ar- 
riors - Engaging and empowering the com¬ 
munity. in Pmceedings of 2nd Victorian 
Weeds Conference, Bendigo, Victoria. Au¬ 
gust 2005, Weed Society of Victoria, 48-49. 

McLaren D.A., Stajsic V & Iaconis, B., 2004. The 
distributions, impacts and identification of 
exotic stipoid grasses in Australia. Plant 
Protection Quarterly 19: 59-66. 

Sinden, J., Jones, R., Hester, S., Odom, D„ Kalish, 
C., James, R. & Cacho, O., 2004. The eco¬ 
nomic impact of weeds in Australia. CRC 


for Australian Weed Management Techni¬ 
cal Series No. 8, 55 pp. 

Weiss, J. & McLaren, D„ 2002. Victoria’s Pest Plant 
Prioritisation Process. In Pmceedings Of 
The 13th Australian Weeds Conference, H. 
Spaffbrd Jacob, J. Dodd & J.11. Moore, eds. 
Plant Protection Society of W'estcrn Aus¬ 
tralia, Perth. 509-512. 

Weiss, J., Morfe, T.A. & McLaren, D„ 2002. As¬ 
sessing the financial implications of alter¬ 
native investment options in weed control. 
In Pmceedings of the 13th Australian 
Weeds Conference, H. SpafTord Jacob, J. 
Dodd & .1.11. Moore, eds. Plant Protection 
Society of Western Australia, Perth, 505- 
508. 

Weiss, J., Edgar, R„ Hunt, T. & Morfe, T„ 2004. 
Victorias noxious weeds review: roll out 
not fall out. In Pmceedings of the Nth Aus¬ 
tralian Weeds Conference, B.M Sindel & 
S.B.M. Johnson , cds. Weed Society of 
New South Wales, 707-710. 


FIRE ... A STANDARD MANAGEMENT TOOL 
THAT STILL FRIGHTENS US 
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Chhal, D„ 2006. Fire ... a standard management tool that still frightens us. Proceedings of the Royal So¬ 
ciety of Victoria 118 (2): 379-393. ISSN 0035-9211. 

Fires in north-western Victoria (the Malice) have shaped the vegetation for many millennia. Applied 
fires have also been used to consciously manage the landscape, for ecological reasons and as a means of 
minimizing damage done by wildfires. The characteristics of fire are introduced and discussed, as a lead 
in to discussion of how wc may understand the fire responses of plant species. Research enables us to 
both understand past fire regimes and to manage the land in a fire prone and fire dependent landscape. 
Constraints on existing (fire) management arc discussed and directions for future research and on-going 
management considered. 

Keywords : Malice, fire, Vital Attributes, landscape management, prescribed burn 


FIRES are a pervasive part of the Mallee landscape 
(Cheal et al. 1979; Jacobs 1980; Noble 1989; 
Anonymous 1995). Although the landscape proba¬ 
bly burnt before the arrival of Aborigines (Calder 
1997), there appears to have been a marked change 
in the frequency and patterning of fire in the land¬ 
scape in the Holocene - around 6000 years BP (Lilly 
1993; Sluitcr & Parsons 1995; Gott 2005). Aborig¬ 
ines had begun to use fire as their principal land 
management tool (Koehn 1996; McLoughlin 2004; 
Gott 2005), producing a landscape in which the veg¬ 
etation patterns were substantially determined by a 
carefully applied fire regime, although mistakes also 
undoubtedly occurred (Bowman 1994). Presump¬ 
tively, some vegetation communities, and their com¬ 
ponent species, benefited as a result of Aboriginal 
fire management, whilst other vegetation communi¬ 
ties and species were disadvantaged (Koehn 1996; 
Thomas & Kirkpatrick 1996; Calder 1997; 
McLoughlin 2004). 

The patterns and progression of European set¬ 
tlement in the Mallee are discussed elsewhere 
(Cooke, this symposium; Kenyon 1982; Torpey 
1986). In relation to fire regime, settlement led to 
concerted efforts to reduce the incidence of fire in 
the landscape, whilst ignition sources and the likeli¬ 
hood of large conflagrations increased (Noble et al. 
1980). 

Fire regime is a major contributor to the pattern¬ 
ing of vegetation and individual species of plants 
and animals in the landscape. Gradually accumulat¬ 
ing research has enabled the management of fire 


regimes to produce a desired landscape pattern. The 
planned application of fire (usually to decrease the 
likelihood of wildfires and loss of built assets) has 
become a standard management practice (Cheal 
1994; Anonymous 1995; Tolhurst & Friend 2001; 
Macaulay & Westbrooke 2003). But species and 
communities vary in their responses to differing fire 
regimes - there is no single ideal fire regime for all 
species at a site or within a given community. 

This paper will discuss recent changes in how 
fire is managed in the natural landscape, particularly 
in relation to current initiatives to apply ecologi- 
cally-sensitive fire regimes in native vegetation. 
Ecological fire regimes must be based on knowl¬ 
edge of species’ responses to the various aspects of 
fire (such as season and frequency of burns, fire in¬ 
tensity and landscape coverage), but such knowl¬ 
edge is far from complete. Thus this paper will also 
discuss how ecologically-sensilive fires can be ap¬ 
plied at the same time as we are confronted with 
major knowledge gaps. 

FIRE REGIME 

Fires vary in 

• season of burn, 

• intensity of burn, 

• frequency (time between fires), 

• the variation in this frequency (eg. whether sites 
burn at a consistent frequency or whether the 
inter-fire interval varies in length), 


379 


380 


DAVID CHEAL 


• time since the previous fire and 

• the proportion of the landscape burnt (abun¬ 
dance, size and distribution of unburnt rem¬ 
nants). 

Hence, plants vary in their responses. 

Season 

The season in which a fire occurs may affect post¬ 
fire regeneration success. Mallees (lignotuberous 
eucalypts) are usually considered as prime examples 
of plants that are relatively immune to any adverse 
impacts from fire (Noble et al. 1980). They appear 
to vigorously resprout no matter whether they are 
burnt in high or low intensity fires, in spring, sum¬ 
mer or at any other time of the year and no matter 
how frequently (Jacobs 1980; Macfarlane 1994; 
Anonymous 1996). However, work at Pooncarie in 
far south-western New South Wales has shown a 
dramatically different response to autumn fires 
when compared with spring fires (Noble 1989), 
Figure 1. 

Similarly, the season immediately after a fire 
can have a dramatic impact on future vegetation 


composition and species survival for many decades. 
A drought post-fire may prevent the establishment 
of most or all germinating seedlings, even leading to 
local extinctions (Enright & Lamont 1992; Cohn & 
Bradstock 2000; Griffith et al. 2004), whereas a wet 
season post-fire may advantage the seed regenera¬ 
tors over species that resprout. 

Intensity 

Fire intensity also varies, and is affected by season, 
fuel and landscape variability. Within the one fire, 
intensity varies little if the fuel is homogeneous (in 
quantity and flammability), the landscape is rela¬ 
tively flat and the weather is consistent (no dramatic 
changes in wind speed and direction, nor in ambient 
temperatures nor moisture, either atmospheric or in 
the fuel). In such situations, fires leave few, widely- 
scattered unburnt refuges. 

By contrast, where the slopes vary, wind speeds 
and directions vary and the fuel varies in flammabil¬ 
ity (variable moisture levels and local quantities), 
fires are patchy, leaving many unburnt refuges in the 
landscape. 



Fig. 1. Mallee eucalypt survival (%) after annual fires (from Noble 1989). y-axis = % survival post-fire. 
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Frequency 

The time between fires also varies and greatly af¬ 
fects post-fire regeneration. A second fire in unusu¬ 
ally quick succession can have long-term 
consequences, and may have impacts many decades 
after the second fire (Macfarlane 1994; Wooller et 
al. 2002). For example, if the second fire occurs be¬ 
fore the species that regenerate solely from seed 
have set viable seed anew, then those species may 
become locally extinct. Similarly, the long term ab¬ 
sence of fire (and hence lack of a regeneration op¬ 
portunity) may lead to a vegetation community 
being irreversibly replaced by another community 
(Cheal 1994). 


Plant responses to fire 

It is timely to remember that fires destroy plant tis¬ 
sue - tissue that is necessary for photosynthesis, 
growth and reproduction. Different species employ 
different strategies for survival during fire, and dif¬ 
ferent strategies to exploit the opportunities offered 
after fires have passed. Post-fire opportunities in¬ 
clude - 

• increases in otherwise limiting soil nutrients ( 
O’Connell et al. 1979; Groves 1983; Rundel 
1983; Pate & Dell 1984; Kutiel & Shaviv 1989; 
Adams et al. 1994), 

• increases in light at ground level (Bell & Pate 
1996; Bell 1999), 

• increases in available soil moisture (Specht et al. 
1983; Moreno & Oechel 1992; Williams & 
Clarke 1997; Bell 1999) 

• temporary removal of surface crusts that impede 
germination and establishment (West 1990; El- 
dridge & Greene 1994; Scarlett 1994), 

• temporary removal of deep litter that impedes 
germination (Brewer & Platt 1994; Brewer 
1999), and 

• temporary removal of allelopaths (Christensen 
& Muller 1975; Preston & Baldwin 1999). 
Many species exhibit no adaptations to survive 

fires nor to exploit the changed environments after 



Fig. 2. Maireana erioclada , a cltenopod, near Mur- 
rayville, Victoria. Seed held in thin-walled fruit with pa¬ 
pery wings - poor protection from fire. 


fires. This strategy works well where fires are un¬ 
likely and may even further reduce the likelihood of 
fires. That most characteristic of Malice plant 
groups, the ehenopods, arc a prime example of this 
strategy. Most species are killed by fire and rely on 
seed for regeneration, but the seed shows few adap¬ 
tations to survival in a fire-prone environment. 
Seeds arc either exposed in papery fruit (Atriplex' 
species Saltbushes), dry thin-walled fruit (Maire- 
ana species - Bluebushes, Sclerolaena - Bassias) or 
held in elevated ‘water bags’ ( Enchylaenu - Barrier 
Saltbush, Rhagodia - Saltbushes). None of these 
fruit types offers much protection from fire to the 
valuable seed inside, nor even assists burial under an 
insulating layer of soil. The woody stems do not sup¬ 
port protected dormant buds under thick bark, nor 
on buried lignotubers. 

In addition, many ehenopods have succulent fo¬ 
liage (high water content) and thus do not readily 
burn (Figure 2). As a result, where ehenopods dom¬ 
inate, they are both a response to, and a cause of, 
low fire frequencies. They form effective fire 
breaks. 

In contrast, many other species readily burn. 
They live in fire-prone environments and increase 
the likelihood of fires, as they produce long-lived 
flammable litter or foliage redolent with essential 


1 Vascular plant nomenclature follows Walsh N. G„ Entwisle T. J. (1994) ‘Flora of Victoria Volume 2 Ferns and Allied 
Plants, Conifers and Monocotyledons.' (Inkata Press: Melbourne) 

Walsh N. G., EntwisleT. J. (1996) ‘Flora ofVictoria Volume 3 Dicotyledons Winteraceae to Myrtaccac." (Inkata Press: 
Melbourne) 

Walsh N. G., Entwisle T. J. (1999) ‘Flora ofVictoria Volume 4 Dicotyledons Cornaceae to Asteraceac.' (Butterworth- 
Heinemann: Port Melbourne) 
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Fig. 3. Examples of protective seed storage (bradys- 
pory). Callilris verrucosa (top), Allocasuarina pusilh 
(centre) and Banksia ornata (bottom), Wypcrfcld National 
Park. 

oils. As a result, they exhibit various adaptations to 
survive, or even exploit, fires. 

Contemporary classification of plant responses 
to fire is focused on whether plants survive fires or 
not and hence their regeneration strategy post-fire 
(Gill 1981; Noble & Slatyer 1981). Seed Regenera¬ 
tors (‘Reseeders’) arc killed by fire and regenerate 
solely from seed, whereas Stein or Root Resproutcrs 
(‘Resprouters’) regenerate from protected dormant 
buds only ( obligate ) or from protected dormant buds 


Fig. 4. Calytrix alpeslris, resprouting from subter¬ 
ranean buds post-fire, Wyperfeld National Park. 


Fig. 5. Eucalyptus arenacea, resprouting (cpicormics) 
from aerial buds post-fire. Big Desert. 
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Fig. 6. Helichrysum adenophomm , vigorously grow¬ 
ing post-fire, immediately before the fire existing solely as 
a soil seed store & not recorded for many decades, Big 
Desert. 

and from seed (facultative ). This is a useful distinc¬ 
tion but, like all such simplifications, is not always 
reliable. Under the right conditions, even the most 
sensitive reseeder will resprout or the most tolerant 
resprouter will die as a result of fire. 

Each of these primary categories can be further 
subdivided. Rcsceders may protect their seed from 
fires by storing them in aerial resistant structures 
(Figure 3) or in the soil. Resprouters may resprout 
from underground dormant buds or from aerial buds 
(often protected by thick bark) (Figure 4 and 5), 
Some species respond to disturbance (whether from 
fire or other causes) with a flush of germination. 
This group includes many annual plants, which 
avoid the adverse impacts of fires by existing solely 
as a soil seed store in the dry, summer fire season. 
They are capable of growth in unburnt vegetation 
(but also often respond particularly luxuriantly post¬ 
fire). Others cue their germination to some fire ef¬ 
fect, such as a soluble leachate percolating into the 
soil profile (Christensen & Muller 1975; Ramp 
1994; Auld 2001), and are restricted in germination 
to soon after fires - the so-called ‘fire ephemerals’. 

Community Responses to Fire 

Species with all the above strategies may be found in 
the one vegetation community, relying on mi¬ 
croscale variability in the local landscape and the re¬ 
cent fire regime to offer them their particular suite 


of ecological requirements (Benson 1985; Williams 
et al. 1994; Wiltshire & Lord 1997; Jeltsch et al. 
1998: Cheal 1999). Hence, plant communities are 
dynamic in composition and are often site-specific. 
The suite of species at each site, and their relative 
abundances, are partially determined by that site’s 
fire history and the variability and patchiness of that 
history. The community’s fire response is a function 
of the suite of species present at a site, their interac¬ 
tions, their individual fire responses and the charac¬ 
teristics of the local fire regime. As species have 
differing responses to fire (regime), it is dangerous 
to relate likely vegetation responses to a fire, or pat¬ 
tern of fires, as tho’ the vegetation responds as a 
unit. Different species will respond idiosyncratically 
- some will be advantaged, some disadvantaged and 
some neutral, all at the one location in time and 
space. 

For example, research in heathlands has focused 
on the fire ecology of the bradysporous 2 (Bellairs & 
Bell 1990; Lamont 1991), woody dominants (Bell et 
al. 1984; Keeley 1986; Enright & Lamont 1989; 
Bradstock 1990; Pate et al. 1990; Richardson el al. 
1995; Keith 1996; Williams & Clarke 1997; Cowl¬ 
ing & Lamont 1998; Lamont & Groom 1998; En¬ 
right & Goldblum 1999; Woollcr & Wooller 2001). 
Other ecological strategies within heathlands have 
been less frequently studied. Recruitment in the 
bradysporous dominants is largely restricted to the 
period immediately post-fire but recent work has 
suggested that, contrary to previous assumptions 
(Hilbert & Larigauderie 1990; Keith & Bradstock 
1994; Keith 1996; Benwell 1998), recruitment of 
other species can occur in the inter-fire interval 
(Whelan et al. 1998; Enright et al. 1994; Enright cl 
al. 1998; Cheal 2000; Griffith et al. 2004). The dif¬ 
ferences relate to the nature of the seed dispersal and 
release mechanism within plant fruits and the gener¬ 
ation times of the component species. The bradys¬ 
porous dominants tend to be long-lived, while the 
smaller undershrubs have shorter generation times, 
often much less than the mean period between fires. 
As a result, it is dangerous to manage heathlands as 
tho’ recruitment is restricted to the immediate post¬ 
fire season(s) and to assume that hcathland matura¬ 
tion is a continuing process of species decline as 
heatldand ages. 

Nevertheless, vegetation communities have fire 
response ‘facies’ - a generalized response to fire 
(regime) that offers the best chance to maintain the 


2 


Species with woody fruit that protects seeds from being burnt and release the seed after the fire has passed. 
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species’ richnesses and abundances that we have 
come to think of as typical for that community. There 
need be no assumption here that vegetation commu¬ 
nities are, or should be, in a climax or stable state. 
Vegetation communities are in continual flux (Fuh- 
lendorf & Smeins 1997; Lunt 2002; Oliver et al. 
2002; Pickard 2002; Sinclair 2005). In spite of this, 
assumptions about a preferred, ‘natural’ or ‘mature’ 
condition for vegetation underlie land management in 
Australia (including fire planning and vegetation 
mapping) (Wilson et al. 1990; Sun et al. 1997; Friend 
et al. 1999; Wouters et al. 2000; Anonymous 2001; 
Wouters 2002; McCarthy et al. 2003; Parkes et al. 
2003; Friend et al. 2004; Leonard 2004;). 

Whether seen as a (pseudo-)climax or merely a 
preferred state (of composition and structure), goals 
can be set for vegetation condition and fire can be 
used as a practical tool to reach these goals. Pre¬ 
scribed fires arc lit to manage the likelihood of wild¬ 
fires by managing, on a local and regional basis, fuel 
availability (Noble et al. 1980; Anonymous 1995; 
Wouters et al. 2000). Recognizing that much of the 
vegetation in the Mallee (north-western Victoria) is 
more or less flammable, and that species regenera¬ 
tion is often tied to the fire regime, prescribed fires 
can also be a way of manipulating habitat for indi¬ 
vidual plant and animal species (Bates 1984; Bcn- 
shemesh 1990; Silveira 1993) and for communities 
and habitats (Cheal 1999; Wouters et al. 2000; Brad- 
stock & Cohn 2002). Application of prescribed fires 
to reduce the likelihood of wildfires, will also affect 
species and community regeneration and survival. 
Fires have ecological consequences. 

The planned application of fires (“prescribed 
fires") is a standard management tool and is widely 
applied in the Mallee (Edgar 1992). The principal 
reasons offered for planned application of fire are 
the protection of adjoining or nearby assets (eg. 
crops, fences, buildings), the protection of built as¬ 
sets on public land (eg. campgrounds, communica¬ 
tions towers, services easements) and ecological 
requirements (Edgar 1992). Although it is recog¬ 
nized that wildfires are likely to continue to occur, 


there is a clear intention to reduce their extent and 
likelihood and aim for a regime of planned fires. 
Since February 2001, 88 prescribed fires have been 
lit, or are planned to be lit in the near future, for the 
Mildura Fire District of the North West Region of 
the Department of Sustainability and Environment, 
Victoria (DSE) (www.dse.vic.gov.au/fires/) (figures 
extracted in November 2005). 

Of course, prescribed fire is only one component 
of the overall fire regime, as wildfires contribute the 
major proportion of the area burnt. The Big Desert 
wildfire of December 2002 burnt 181400 ha with a 
perimeter of 350 km (www.dse.vic.gov.au/fires/). 
Other wildfires substantially add to this total. Never¬ 
theless, planned fires are not insignificant. Planned 
fires may become wildfires if not successfully man¬ 
aged (eg. the Wilsons Promontory fire of April 2005) 
and Esplin et al. (2003) who recorded 12 significant 
escapes from prescribed burns from more than 2000 
fires between 2001 and 2005. The total area of recent 
prescribed fires in the Malice (Table I) is not much 
smaller than the largest wildfire in over 40 years, the 
Big Desert fire of 2002 (124720 ha prescribed fires 
vs. 181400 ha Big Desert wildfire). 

‘Fuel Reduction burn’ is, of course, a tautology 
- all fires reduce their fuel as a necessary corollary 
of the fuel burning. The term is used for prescribed 
fires lit mainly to reduce the extent and amount of 
potential fuel, and thus render future wildfires more 
amenable to control. Both fuel reduction burns and 
ecological burns are justified (and planned) on the 
basis of ecological habitat requirements, notably a 
strong desire to avoid landscape-scale wildfires. The 
large fuel reduction burns in the Sunset Wilderness 
(event nos. 332449, 332451, 336929, 336931, 
337326 and 369455, as extracted from DSE’s 
Fireweb) and the extended fuel reduction burn along 
Pheeney’s Track (Sunset Country) (event nos. 
322033 and 369503, as extracted from DSE’s 
Fireweb) were all lit to reduce the likelihood of a 
large wildfire burning from the south-west of the 
Sunset Country and consuming a substantial propor¬ 
tion of Murray-Sunset National Park. 


Fire Justification 

No. 

Total Area 

Mean Area 

Max. Area 

Ecological 

13 

9728 ha 

748 ha 

4000 ha 

Fuel Reduction 

75 

114992 ha 

1533 ha 

11700 ha 

All Planned Fires 

88 

124720 ha 




Table 1. Planned fires, since February 2001, Mildura Burn District. 
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Fig. 7. Distribution of fire resistant EVCs (Ecological Vegetation Classes - a unit of vegetation variation, see (Aus¬ 
tralia and Environment 1996; Stothers 1999) in the Victorian Mallee. 


But not all vegetation communities are equally 
susceptible to wildfire (see previous discussion). In¬ 
deed, some arc so non-flammable as to be usefully 
incorporated into fire planning as firebreaks or fuel 
‘reduced’ zones (which are the primary locations for 
effort when attempting to control future wildfires. 
Figure 7). 


Planning an Ecological Burn 

Current fire planning for ecological purposes is 
based on proposals to use ecological features of the 
vegetation to drive applied fire regimes (Friend et al. 
1999; Friend et al. 2004). This should ensure that 
fires applied for ‘fuel reduction’ and other asset 
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Attribute 

No. data 
entries assessed 

No. data 
entries changed 

% entries 
changed 


PERSEED 

427 

197 

46 


PERVEG 

219 

187 

85 


TIRMK 

438 

117 

27 


JUVEN 

390 

204 

52 



Table 2. Curation of pre-2004 data in Vital Attributes database of DSE, Victoria. PERSEED = means of regeneration 
from seed post-fire; PERVEG = means of regeneration by resprouting post-fire; TIRMK = species’ tolerance of changes 
in fire regime; JUVEN = time to recovery of future regeneration capacity. 


protection reasons also achieve ecological objec¬ 
tives or, at the least, do not degrade ecological val¬ 
ues. However, the ‘Vital Attributes’ dataset, that is 
the basis of such ecologically-driven fire planning 
(Noble & Slatyer 1980; Noble 1985; Tolhurst & 
Friend 2001) is barely populated, and with data of 
dubious quality. The strong desire for an ecological 
basis to fire planning led to an adoption of the Eco- 
burning and Planning procedure (Friend et al. 1999; 
Tolhurst & Friend 2001; Friend et al. 2004) well be¬ 
fore the critical supportive database was reliably 
populated. For example, we have very few data on 
the long-term persistence of vegetation communities 
in the absence of fire. But this is a critical aspect (or 
‘Vital Attribute') to enable ecologically-based fire 
planning. In the absence of reliable data, interim fig¬ 
ures have been inserted into the database. However, 
as reliable records go back only about 50 to 60 
years, maximum longevities were somewhat arbi¬ 
trarily set at either 50 to 60 years or at double the ju¬ 
venile period (Wouters 2002). in the interim. Vital 
Attributes data have continued to be collected, for 
example (Carter & Cheal 2004; McCarthy et al. 
2003; Coates et al. 2004). A recent and on-going 
project within DSE is curating the existing database 
and adding new, reliable data. Curation of old data is 
essential (Table 2). 

In the absence of curated data, ecological fire 
plans have been derived on inadequate data. Noble 
(1985) maintained that a fully-populated Vital At¬ 
tributes database is the minimal requirement to de¬ 
rive an ecologically-based burning plan. The early 
literature that backs up the Victorian Eco-burning 
initiative emphasized the importance of reliable eco¬ 
logical data as a crucial basis for fire planning. 

The lack of reliable data need not stymie the 
adaptive application of ecologically-sensitivc fire 


regimes. There are other approaches to devising eco¬ 
logically appropriate inter-fire intervals. Just as fire 
responses of individual species can be implied from 
key structural attributes (eg. the thin-walled and dry 
or drupaceous fruit of many chenopods implies that 
there is no elevated seed store in preparation for a 
post-fire germination pulse), so can a vegetation 
community’s responses to fire be derived from the 
Vital Attributes of common or characteristic compo¬ 
nent species. 

Case study for derivation of an ecological fire 
regime 

Chenopod Mallee is a widespread vegetation com¬ 
munity in the Malice (Figure 8). Its characteristics 
include an essentially bilaminar structure of a euca- 
lypt canopy above a more or less dense low shrub 
layer dominated by chenopods and Zygophyllum 
species (Figure 9). The arbitrarily set maximum tol¬ 
erable fire interval in Wouters (2002) is 50 years, 
with a 30 year fire cycle 3 . The eucalypt canopy 
shows adaptations to exploit the immediate post-fire 
period as its major regeneration opportunity, as is 
typical for most mallee cucalypts (Cheal et al. 1979; 
Noble et al. 1980; Hopkins & Robinson 1981; 
Wellington & Noble 1985). Yet the lower shrubs 
show few adaptations to fire (regime) and appear to 
be killed by fire with little to no in situ seed store 
(hence reinvasion from unburnt refuges is implied 
for re-establishment). The requirements for fire for 
canopy regeneration seem in conflict with the shrub 
layer’s intolerance of any fire - indeed, the shrubs 
are fire resistant. 

However, in exceptional years a dense growth of 
grasses may occur in Chenopod Mallee (Noble et al. 


3 


ie. the mean age of the vegetation under a regime of applied fires is 30 years. 
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Fig. 8. Distribution of Chenopod Malice in the Victorian Malice. 


1980). This dry (grass) fuel enables fires to burn in 
an otherwise fire resistant community, providing a 
(rare) opportunity for reproduction by seed for the 
canopy eucalypts. Generation times for these euca- 
lypts are unknown (Crowley 1994; Pearson & Sear- 
son 2002), but 200+ years is likely. Thus a rare 
climatic event, maybe only once every 200 years or 
so (enabling vigorous grass growth in Chenopod 
Malice), would be adequate to maintain the eucalypt 
canopy. Coincidentally, if the generation times for 
the chenopod shrubs were much lower, say 15 to 25 
years (Williams 1975; Noble 1977; Sinclair 2005), 


then fires may only occur once every eight cheno¬ 
pod generations or so, implying little selection pres¬ 
sure towards exploiting or tolerating the 
opportunities presented by fire. This argument im¬ 
plies a maximum tolerable fire interval for Cheno¬ 
pod Mallee of 200 years or more. 

A similar process may be used to derive implied 
fire regimes for other vegetation communities, but 
is, of course, wholly dependent on knowledge of the 
component species’ adaptive responses to fire. In 
the absence of fire histories going back the requisite 
couple of centuries or more, this process is, of ne- 
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Fig. 9. Chenopod Mallee, Cowangie, south of Mildura, 
Victoria. 


cessity, speculative - but justifiable speculation 
based on real knowledge of plant species’ ecological 
behaviour. 

For only very few communities, notably includ¬ 
ing Dunefield Heathland, is the justifiable maxi¬ 
mum tolerable fire interval around the 50 to 60 years 
of Wouters (2002). For most communities, it is sub¬ 
stantially longer and for some communities it is un¬ 
reasonable to propose any inter-fire interval. Some 
communities arc only exceptionally subject to wild¬ 
fires, eg. Belah Woodland, Saline Shrubland and 
Scrub-pine Woodland. These are indicated by a 
number of critical ecological features, eg. absence of 
species whose principal regeneration opportunity is 
immediately post-fire, ability for common and dom¬ 
inant species to establish in the absence of fire, lack 
of fire-resistant fruit (such as bradysporous woody 
cones) and abundance of fire-intolerant fruit (such 
as drupes and chartaceous fruit). 

Conclusions 

Despite the qualifications within the literature that 
established ecological fire management in Victoria 
(Noble 1985; Noble & Slatyer 1980; Friend et al. 
1999; Wouters 2002), ‘ecological’ fire plans have 
been drafted without consideration of the limitations 
of inadequate and unreliable data. The Idealized Age 
Class Distributions of the three draft plans (Big 
Desert, Mt Cole and Yeerung) are based on esti¬ 
mates of Maximum Tolerable Fire Intervals that 
should, in many cases, be revised substantially 
upwards. 


There are further problems with the Vital Attrib¬ 
utes database that supports Ecological Fire Plan¬ 
ning. These include assumptions that the sole 
regeneration opportunity in many communities and 
for many species is immediately post-fire and that 
species do not regenerate in the absence of fire. This 
assumption has been questioned elsewhere (Enright 
ct al. 1998; Cheat 2000; Clarke & Knox 2002) and 
requires further investigation for most species. 

Prescribed fires are imperfect mimics of wild¬ 
fires. They are not lit in the principal fire season of 
early to mid-summer (Cheal et al. 1979), but mostly 
in autumn, after the heat of summer has largely 
passed 87% arc lit in Autumn, 13% in Spring 
(www.dsc.vic.gov.au/ftres/). 

However, the constraints of an inadequate data¬ 
base and a practical inability to mimic the pre-set¬ 
tlement fire regime should not thwart the 
application of fires for ecological management. Veg¬ 
etation is dynamic. A decision ‘not to burn' is a pos¬ 
itive action, committing a landscape or habitat to a 
particular development trajectory. A decision ‘not to 
burn’ is not leaving all options open. Prescribed 
burns will be done for noil-ecological reasons and 
burns will need to be applied to maintain ecological 
values. An approach of Adaptive Environmental 
Management (Oglethorpe 2000) or ‘learning by 
doing’ (Friend et al. 2004) will ensure not just that 
essential planned burns are completed but will also 
ensure that ecological knowledge is accumulated, 
enabling the derivation and application of ecologi- 
cally-literate fire regimes. 
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The Dept, of Sustainability and Environment (DSE). Parks Victoria, and the School of Forest and 
Ecosystem Science (University of Melbourne), have collectively embarked on a process to develop more 
ecologically-based fire regimes for public land in Victoria. There has been limited use of prescribed fire 
in the Victorian Malice to date with wildfire suppression being the primary tool of management. The 
need for greater use of prescribed fire to achieve multiple objectives has been identified on the basis of 
an initial ‘Analysis of Disturbance by Fire on Public Land in Victoria - and a number of independent and 
departmental case studies. The application of more extensive prescribed burning in remote and trackless 
wilderness areas of the Malice parks has necessitated the development of effective prescriptions to un¬ 
dertake ‘unbounded' burning. Burning prescriptions were developed and tested in a 14,01)0 ha strategic 
burn in the Murray-Sunset National Park in 2004. A two-stage burning process was found to be neces¬ 
sary. Initially, strips 50 to 200 m wide were established in late-autumn to contain higher intensity and 
more extensive burning. Burning of more extensive areas within the burnt strips was carried out under 
Very High Forest Fire Danger conditions in the spring. The processes necessary to achieve safe and ef¬ 
fective burning in extensive tracts of mallee are described. 
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THERE HAS BEEN A SHIFT IN THINKING in 
Victoria on public land fire management. This is 
based on broader community acceptance that fire is 
an inextricable part of the Australian environment 
and must be managed to achieve multiple objectives 
(Tolhurst & Friend 2005). The multiple objeclives 
are the protection of life and property, conservation 
of biodiversity, and maintenance of ecosystem in¬ 
tegrity. The concept that fire can somehow be ‘elim¬ 
inated' in fire-prone environments, such as those in 
the Victorian Mallee Region, is now outdated. 

The process to develop more ecologically-based 
fire management in Victoria has been guided by a 
central Fire Ecology Steering Committee with high 
level representation from DSE, CFA, and Parks Vic¬ 
toria. The Steering Committee is supported by a cen¬ 
tral Fire Ecology Working Group and Regional 
Coordinating Groups. The interaction of fire with 
ecological processes is recognised in the ‘Code of 
Practice for Fire Management on Public Land’ (Nat¬ 
ural Resources & Environment 1995). 


Milestones in the process in Victoria have in¬ 
cluded a series of workshops on the subject of‘Man¬ 
agement of Fire for the Conservation of 
Biodiversity' held in each region of the State and the 
development of some case studies for application of 
interim guidelines for ecological burning, e.g. 
Wyperfcld pilot study (Wouters et al. 2000). An 
‘Analysis of Disturbance by Fire on Public Land in 
Victoria' was completed in 2002 (Fire Ecology 
Working Group 2002) and the ‘Guidelines and Pro¬ 
cedures for Ecological Burning on Public Land in 
Victoria’ (Fire Ecology Working Group 2004) were 
released in 2004. 

The conduct of fire protection (prevention, pre¬ 
paredness, suppression and recovery) in each Fire 
District has traditionally been under the framework 
of a ‘Fire Protection Plan’. The Fire Protection Plan 
for the Mildura Fire District is currently being re¬ 
viewed. Current thinking is that these plans will pro¬ 
gressively be replaced by ‘Fire Management Plans’. 
The new plans will encompass fire protection, fire 
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ecology strategies (developed by the land manager), 
and links to private land planning. 

An inappropriate fire regime (particularly 
overly-ffequcnt fire) is commonly regarded as a sig¬ 
nificant threat to biodiversity in Victoria and has re¬ 
cently been nominated as a potentially threatening 
process under the Victorian Flora and Fauna Guar¬ 
antee Act, 1998 (Fire Ecology Working Group 
2002). The Victorian statewide fire disturbance 
study (Fire Ecology Working Group 2002) found 
that over-burning was not occurring at either a 
Statewide or at any bioregional scale. This analysis 
was based on some general assumptions about the 
uniformity of fire impacts within a fire boundary 
and relatively predictable recover}' and development 
times which may not be true in all cases as pointed 
out by Cheal (2004). However, the authors believe 
the results of the statewide fire disturbance study are 
indicative of a growing problem of long-term fire 
minimization. 


RECENT FIRE HISTORY OF MALLEE 
PUBLIC LAND 

The recent fire history of the large blocks of Mallee 
public land (now reserved as the Big Desert Wilder¬ 
ness Park-Wyperfeld National Park complex, and the 
Murray-Sunset National Park) is that they have alter¬ 
nated from being mostly long-unburnt to having ex¬ 
pansive recently-burnt areas. In the case of the Big 
Desert-Wyperfeld complex, there have been a series 
of landscape-scale fires at approximately 20 year in¬ 
tervals (Table 1, Maroske unpub. data, DSE unpub. 
data). 

The pattern of alternating from large areas that 
are relatively long-unburnt to large areas recently 
burnt has been interpreted in central Australia as 
being adverse from the perspective of maintaining 
faunal diversity (Griffin & Allan 1984; Burrows et 
al. 2006) and has been linked to the cessation of an¬ 
thropogenic burning (Burrows et al. 2006). 

There has been limited prescribed burning in 
Mallee public land with approximately 3,000 ha per 
annum burned (on average) in the decade from 
1993/94 (DSE unpub. data). The total area of public 
land in the Mallee is approximately 1.4 M ha of 
which an estimated 1 M ha is fire-prone. Wildfires 
are actively suppressed using increasingly sophisti¬ 
cated methods, including water-bombing aircraft. 


THE CHALLENGE OF MULTIPLE 
FIRE OBJECTIVES 

Neither too frequent fire, nor the prolonged absence 
of fire, are desirable from the standpoint of the con¬ 
tinued survival of many vegetation communities and 
their dependent fauna (Keith et al. 2001; Cheal 2004; 
Tolhurst & Friend 2005). One interpretation of the 
statewide fire disturbance study finding, and the sub¬ 
sequent Big Desert fire in 2002/03, is that a history of 
minimal prescribed burning and the active suppres¬ 
sion of wildfires have both contributed to an increase 
in the overall level of fuel ‘hazard’ (Tolhurst & Friend 
2005) and to an increase in the likelihood of a subse¬ 
quent landscape-scale fire. Burrows et al. (2006) have 
suggested that the exclusion of fire from large con¬ 
tiguous blocks of fire-prone vegetation leads to an in¬ 
crease over time in the probability of a large scale 
wildfire (Burrows et al. 2006). 

The ecological consequences of a landscape- 
scale fire, such as the 2002 Big Desert fire, are con¬ 
sidered to be more severe than would be the case 
with a series of smaller fires over an equivalent area 
in the same period (Griffin & Allan 1984; Cheal 
2004). The uniform age of the vegetation in the Big 
Desert before the 2002 fire meant that only one sig¬ 
nificant unburnt pocket (a wildfire of 3300 ha in 
1997) remained from which internal re-colonisation 
by fauna of the recently burnt area might occur 
(DSE fire imagery). The resulting large-grained mo¬ 
saic had a relatively small ‘habitat boundary’ which 
is a measure of the boundary between vegetation of 
different ages since fire (Burrows et al. 2006). 

The risks to fauna values associated with land¬ 
scape-scale wildfires within finite reserves arc be¬ 
coming better understood. Clarke (2005) in his 
research into the ecological requirements of threat¬ 
ened and near-threatened birds specialising in 
mallee habitats, notes that “landscape-scale wild¬ 
fires are an unacceptable outcome for threatened 
biota in mallee habitats”. 

Parks Victoria and DSE commissioned a post- 
fire fauna survey of the Big Desert area in 2003/04 
(Robertson et al. 2006). The authors of the survey 
report found that "the (historical) management of 
fire in the Big Desert ... for fauna appears to have 
resulted in progressive simplification of the ecosys¬ 
tem - the common, generalist, widespread, fire-tol¬ 
erant, high fecundity or mobile taxa are persisting - 
the rare, specialised, localised, high site-fidelity, 
fire-sensitive, low-fecundity or low-mobility taxa 
appear to be in decline. Examples of the latter group 
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may include the Malleefowl, Striated Grasswren, 
Malice Emu-wren, Rcd-lored Whistler, Western 
Whipbird, Western Blue-tongucd Lizard, Bardick, 
Heath Monitor, Mitchell's Hopping Mouse and per¬ 
haps Malice Ningaui.” 

In the aftermath of a landscape-scale wildfire, 
the vegetation is uniformly even-aged and elements 
of the biota that arc dependent upon particular suc- 
cessional stages arc likely to be disadvantaged in se¬ 
quence (Keith et al. 2001). Those species that rely 
on the ‘habitat boundary' provided by fire edges are 
also disadvantaged by extensive, intense, landscape- 
scale fires (Burrows et al. 2006). However, the effect 
of fire-generated patchiness upon animal popula¬ 
tions is difficult to measure (Keith et al. 2001). 

Robertson et al. (2006) have identified a number 
of reptiles (e.g. Butlers Legless Lizard), mammals 
(e.g. Malice Ningaui), and birds (e.g. Malice Emu- 
wren) found in the Big Desert that arc considered to 
be ‘ Triodia specialists’. These species rely upon 
vegetation that has remained unburnt long enough to 
allow Triodia hummocks to become established. 
Some Triodia dependent species have relatively low 
vagility (Robertson et al. 2006) and therefore cannot 
quickly rc-colonise suitable habitat. Hence even 
those species which might be expected to benefit 
from the exclusion of fire, such as the * Triodia spe¬ 
cialists’, are likely to be ultimately disadvantaged by 
the exclusion of fire because the inevitable wildfire 
occurs on such a scale that they are unable to effec¬ 
tively re-colonise between fire events. 

The challenge is to manage temporal and spatial 
variability in fire regimes such that the risks to bio¬ 
diversity values, ecosystem integrity, and to life and 
property are all minimised. 

MANAGING THE HABITAT AGE-CLASS 

DIVERSITY ACROSS THE LANDSCAPE 

A Theoretical Age-class Distribution Mode! 

It is important to explore the scientific basis for the 
finding that insufficient burning has been the norm 
on Malice public land, where those species that are 
now assessed as being at greatest risk (notably 
threatened malice birds) arc those that rely predom¬ 
inantly on long-unburnt habitats. This group in¬ 
cludes the Black-eared Miner, Malleefowl. Malice 
Emu-wren, and Red-lored Whistler. 

The finding that the Mallee parks have generally 
been under- burned is based on life history informa¬ 


tion of the plants within each Ecological Vegetation 
Class (EVC). EVCs arc the standard vegetation 
units in Victoria (Woodgate et al. 1994, Burgmann et 
al. 1996). The method is the ‘vital attributes’ ap¬ 
proach devised by Noble and Slatyer (1977). It re¬ 
lates to the method of persistence of a plant on a site 
after fire, the environmental conditions required for 
re-establishment, and the longevity of the juvenile 
and mature phases (Noble & Slatyer 1977; Tolhurst 
& Friend 2005). Using this approach the ‘Key Fire 
Response species’ for each EVC are identified and 
their ages to maturity or senescence nominated. 
These are the species that are most likely to be ad¬ 
versely affected by either too frequent or too infre¬ 
quent fire (Cheat 2004; Tolhurst & Friend 2005). 

Once the Key Fire Response species have been 
identified for a particular vegetation type, the maxi¬ 
mum and minimum interfire period needed to main¬ 
tain the community can be identified. The ‘fire 
cycle’ (Johnson & Van Wagner 1985, Methven & 
Fcunekes 1988) for a particular community is then 
derived by averaging the maximum and minimum 
interfire periods. The vital attributes approach to de¬ 
termining fire cycles and a theoretical model of age 
class distribution is interpreted in the DSE / Parks 
Victoria "Guidelines and Procedures for Ecological 
burning on Public Land in Victoria’ (Fire Ecology 
Working Group 2004). 

The fire cycle is the period over which an area 
equivalent to the total area occupied by an EVC will 
be burnt. It is therefore a measure of the amount of 
burning in a particular EVC across a landscape unit. 
It is not the frequency with which a particular loca¬ 
tion is likely to be burnt within a cycle (Tolhurst & 
Friend 2005). The minimum and maximum interfire 
periods, and the derived fire cycle are then used to 
determine a ‘theoretical age-class distribution’ 
curve for a particular community. This curve shows 
the size of the area that theoretically should be found 
in each age-class if fires were to occur more or less 
randomly across the landscape. This can then be 
compared with the actual age-class distribution to 
identify priority areas for burning. The ‘theoretical 
age-class distribution’ provides a notional goal for 
fire management, but one which will only be ap¬ 
proached and is unlikely to be exactly achieved in 
reality (Tolhurst & Friend 2005). 

Mike Wouters (Wouters cl al. 2000) applied this 
model in a case study for the Sandplain Heath EVC 
at Wyperfcld. This community is typically domi¬ 
nated by Banksia ornata although the prolonged ab¬ 
sence of fire (Wouters et al. 2000), and rare severe 
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frost events (O’Brien 1989), over much of this EVC 
has led to the widespread disappearance of this 
species. For this community Wouters estimated the 
minimum interfire period to be 20 years and the 
maximum 60 years. Hence the fire cycle is approx. 
40 years. At the time of the case study, however, 
98% of the Sandplain Heath EVC in Wyperfcld had 
not been burned for at least 40 years. 

Limitations of the 'theoretical age-class 
distribution' model 

The concept of the theoretical age-class distribution, 
largely based on plant life histories, has been criti¬ 
cised for not taking greater account of the require¬ 
ments of those species of fauna which rely upon 
long-unburnt habitats, and for not dealing with the 
spatial distribution of age-classes which might be 
critical in the use and re-colonisation of areas post- 
firc by fauna. Cheal (2004) has noted that the tran¬ 
sition from one life stage to the next can be 
determined by plant size rather than age. 

These concerns can partly be addressed by taking 
a precautionary approach to implementation of the the¬ 
oretical age-class distribution, i.e. by adopting an older 
maximum interfire period than might be indicated by 
the vital attribute data. This would extend the tail of the 
distribution curve and lead to a greater proportion of 
the vegetation being retained in the older age-classes 
until better long-term records can be gathered. 

In the case of the larger Mallee parks (Wyper- 
feld / Big Desert complex and Murray-Sunset) it is 
easier to apply the ‘theoretical age-class’ model than 
would be the case with smaller reserves where the 
model might dictate that only a few hectares be 
burned each year. A coarser grouping of age-classes 
may be needed here than might be used in larger 
landscapes. 

Application of this model such that age class 
curves for each EVC are trending towards the theo¬ 
retical distribution is obviously more difficult where 
there are a large number of EVCs within a landscape 
unit. Hence it may be necessary to aggregate EVCs 
into broader vegetation categories - particularly in 
the initial phases of application. 

Application of Fire Regime Management 

In the following sections we will discuss the imple¬ 
mentation of ‘strategic fuel-reduced corridors’. 


These are strategic prescribed burns that provide a 
substantial barrier to the spread of wildfire and 
hence militate against the development of land¬ 
scape-scale fires (Natural Resources & Environ¬ 
ment 1995). 

Under the revised Mildura Fire District ‘Fire 
Protection Plan’ plan it is anticipated that there will 
be a number of strategic fuel-reduced corridors es¬ 
tablished within the larger Malice parks: Wyperfcld 
N.P. and Murray-Sunset N.P. One of these corridors 
has already been established within Murray-Sunset 
N.P. It is considered that these corridors and addi¬ 
tional opportunistic ‘link burns’ between wildfires 
will collectively reduce the risk of landscape-scale 
fires and contribute to the development of a fire his¬ 
tory that more closely resembles the theoretical age- 
class distribution. 


FIELD TRIAL AND BURNING 
PRESCRIPTION DEVELOPMENT 

A large strategic fuel-reduced corridor was installed 
within Murray-Sunset N.P. in 2003/04 -a specifi¬ 
cally prescribed burnt perimeter (largely without 
mineral earth breaks) was then “burnt-out” using 
aerial ignition. Lessons learned from this experience 
will be applied to other large strategic burns over the 
next few years. This burning activity will be guided 
by a set of ‘biodiversity principles’ outlined in the 
draft Mildura Fire Protection Plan. There are clearly 
risks associated with burning on this scale but the 
potential adverse impact of landscape-scale fires in 
the absence of this strategic burning are considered 
to be far greater in terms of both loss of biodiversity 
and the threats to our neighbours. 

Unbounded burning 

The concept of unbounded burning in remote areas 
is not new and has been used with success in the past 
(e.g. Griffin & Allan (1984) in Central Australia, 
Burrows et al. (1991) in Western Australia). In Vic¬ 
toria, Ian Brilliant in the early 1980s successfully 
applied “finger bums” where fires were lit in the 
Big Desert from the side of tracks and let run with 
the wind behind them until the wind dropped and 
the fire self extinguished (Billing 1981, 1985a, 
1985b). 

Some advantages of unbounded burning include 
the ease of implementation, the ability to shift fires 
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around the landscape over time, the ability to apply 
fire in sections of extensive trackless areas, the po¬ 
tentially low cost and the advantage of almost no 
other associated disturbance which may result in 
more pest plants and animals or damage to the struc¬ 
ture of the vegetation (e.g. Dept. Sustainability and 
Environment, Threatened Species Fact Sheet 
No. 11). Previously burnt areas, areas of low flam¬ 
mability fuel or existing tracks may be used to con¬ 
tain the fire spread, but the fire edge is generally 
untracked. 

Some potential disadvantages of the method in¬ 
clude the possible escape of the burn resulting in an 
area much larger than desired being burnt or poten¬ 
tial damage to private property or long-unburnt 
habitat, the difficulty of accessing burnt areas to 
monitor the results, and the need to better under¬ 
stand and select appropriate bunting conditions. 

A critical requirement to use unbounded burn¬ 
ing is a good understanding of the conditions that 
will lead to self-extinguishing fires. Some recent 
burning operations have been used to help develop 
guidelines for unbounded burning in the Murray- 
Sunset National Park. Some of the preliminary re¬ 
sults will be presented here. 


Principles of Unbounded Burning 

Patchy fuels and wind. The spread of fire in semi- 
arid woodlands and hummock grasslands is contin¬ 
gent on the fire being able to move from one patch 
of fuel to another (Burrows et al. 1991, Gill ct al. 
1995). This is because there is usually limited sur¬ 
face fine fuel continuity. The primary means of fire 
spreading from one fuel patch to another is by wind 
when it bends the flames over sufficiently to ignite 
the neighbouring fuel patch. The speed of the wind 
needed to “connect” fuel patches will depend on: 

• the time since the area was last burnt and hence 
the size of the fuel patches compared with the 
size of the gaps in between, 

• whether or not there is ephemeral fine fuel, such 
as grass resulting from recent rains, between the 
fuel patches, 

• Whether or not enough eucalypts arc present to 
provide spotting material to spread the fire from 
clump to clump. 

Typically, winds need to be greater than about 
15 km/h for fire to spread in patchy fuels such as 
hummock grasslands (Fig. 1). Fire will spread more 
easily in areas of denser heathlands. 



Spinifex cover (%) 

Fig. 1. Line-of-best-fit for five observed threshold wind speeds (at 2m), to support fire spread recorded in the litera¬ 
ture for fire spread in hummock grasslands. Source data: McArthur (1972), Griffin & Allan (1984), Burrows et al. (1991). 
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Head-fire width. Once a fire is alight, wind is 
the main factor determining the spread rate of the 
fire. However, the width of the fire front is also im¬ 
portant (Cheney & Gould 1995). Because most fires 
in the mallee are wind-driven, there is very little lat¬ 
eral spread of the fire. A fire will not spread at its 
maximum potential rate until it is wide enough to 
freely interact with the atmosphere around it. Many 
fires, such as the finger bums of Brilliant and 
Billing (Billing 1981. 1985a. 1985b), and fires initi¬ 
ated by lightning, do not spread at their maximum 
rates unless there is a wind change which turns the 
flank of the fire into a head fire, rapidly changing a 
“width-limited” fire into a free spreading one. 

Head fire width is also important to the scale 
used to assess the proportion of hummock cover. If 
the head fire is only 50 m wide, then it is the cover 
of hummocks at a resolution of 50 m that is impor¬ 
tant. If the head fire is 5 km wide, then the average 
cover of hummocks across the 5 km front is what is 
important. A fire front 5 km wide will burn through 
relatively small areas where the hummock cover is 
less than would be expected to carry a fire because 
the surrounding fuel is enough to carry a fire and 
hence average out the fuel coverage. 

Point or Line Ignition? It follows then, that a 
prescribed fire spreading from a point source will 
spread more slowly than one ignited using a line of 
fire. 

The method of ignition is therefore a very pow¬ 
erful controller of the final result of a prescribed fire 
(Tolhurst & Cheney 1999). Point ignition will result 
in lower fire intensity than a line ignition under sim¬ 
ilar conditions. However, if the weather and fuel 
conditions are too mild for a point ignition to “take” 
a line of fire may still enable the fire to spread. If a 
line of fire is necessary to get a fire to spread, there 
is less likelihood of the fire becoming “uncontrol¬ 
lable” or “too intense” if there is a wind shift or 
wind change. Similarly, if a grid of point ignitions is 
used, then the fire intensity will be much less until 
individual fires join and then the fire intensity can 
be expected to increase significantly if the weather 
conditions have not abated. 

Fire Extinction. Unbounded burning needs a fire 
to not only stop spreading, but also to self extin¬ 
guish. There are two main ways for fire to self- 
extinguish: 

• Fuels exceed the moisture of extinction (about 

24%) 

• Fuels cool below kindling temperature (about 

280°C) so that combustion is unsustainable. 


A combination of cooling and moisture is also 
effective in causing extinction. 

Moisture of extinction. The moisture of extinc¬ 
tion can be reached if the fuel is subjected to rain, 
heavy dew, or humidity from the soil. Rain will have 
an immediate effect. 

In order for fine fuel to absorb moisture from 
the soil or the air, it needs to be in a moist environ¬ 
ment for at least 3 hours. The relative humidity of 
the air needs to be greater than 85% for at least 3 
hours for the fine fuels to absorb enough moisture to 
self-extinguish. This will occur if a dew forms. Dew 
wili form when the air temperature reaches or falls 
below the Dew Point of the air. For example, if the 
Dew Point of the air mass is 4°C, then a dew will 
form if the air temperature drops below 4"C. When 
a dew forms, the relative humidity will be close to 
100 %. 

Kindling temperature. In order to eliminate all 
sources of ignition, burning fuel must cool below 
kindling temperature. This occurs when the fire 
front fragments to a point where convecled, con¬ 
ducted and radiated heat cannot transfer effectively 
in the fuel bed. In the case of fine fuels, cooling oc¬ 
curs rapidly once the flaming process has stopped, 
however, burning of woody material such as logs 
and stumps can continue for several hours within a 
single fuel element. This burning material may burn 
long enough to reignite fine fuels the following day 
if the fine fuels are nearby and dry enough. The 
cooler the ambient air temperature, the greater the 
heat loss from the burning fuel and the more likely 
it is that the fire will self-extinguish. The chances of 
extinction overnight are much greater if the 
overnight temperatures fall below I0°C. [The 
chances of extinction at 5°C arc about twice that at 
I0°C and at 20°C, they are about half that of the 
chances at 10°C.] 

Moisture and Temperature Combined. The pres¬ 
ence of moisture in the fuel assists with heat ad¬ 
sorption and dissipation. Moisture in fuels will 
therefore not only affect the ability of the vapours 
given off the fuel to burn, it will also assist in the 
cooling process. Therefore, the greatest chance of a 
fire extinguishing will be when there are cool and 
moist conditions. Moist soils assist in self-extinction 
by providing another source of moisture for the fuels 
and assist in carrying away heat from burning mate¬ 
rial. The conditions for self-extinction during 
drought conditions will be less frequent than during 
wetter seasons. 
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Fig.2. Landsat image (~2002) of Murray Sunset National Park with Murray River in the north and Wypcrfcld-Big 
Desert in the South. Straight boundary between cleared and native vegetation on Sunset country is the State border with 
South Australia. The line shows the approximate location of the prescribed burnt areas. 


Results of Burning Operations in 2004 

An area of approximately 46 km long and 3 km wide 
(14,000 ha) was identified in the Murray-Sunset Na¬ 
tional Park for prescribed burning. This strip ran ap¬ 
proximately north-south and was divided into a 
southern section (Sunset, 26 x 3 km) and a northern 
section (Minook, 20 x 3 km) (Fig. 2). This area was 
proposed to be burnt in order to prevent a major fire 
burning more than half the Murray-Sunset National 
Park in a single event. 

The width of the burn was based on local expe¬ 
rience which has found that most spotfircs fall 
within 1 km of a fire edge, but some reach as far as 


5 km. It was thought that 3 km would be sufficient 
to catch the majority of embers from a fire burning 
under Extreme fire danger conditions and slow the 
hcadfire spread sufficiently to allow for suppression 
to be successful. It was also expected that not all fuel 
would be burnt in the strip, so a 3 km wide strip was 
considered necessary to guarantee at minimum of a 
I km burnt width anywhere along the line. It is ex¬ 
pected that this burnt area will have a measurable 
impact on fire spread for at least 10 years, but its ef¬ 
fectiveness will reduce over time. 

Predominant Fuel Types. There are five fuel 
types across the semi-arid region of south-eastern 
Australia and these are listed in Table 2. Within the 
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Period 

Est. area burned (ha) within Wyperfeld -Big Desert 

Largest single fire (ha) 

1959/60 

450,000 

450,000 

1980/81 

122,000 

118,000 

2002/03 

186,000 

181,000 


Table 1. Recent history of landscape-scale wildfires in the Wyperfeld - Big Desert public land complex. 


Type 

Sub-types 

Chenopod 

Chenopods 

Bladderworts / salt pans 

Chenopod Mallee 

Spinifex 

Spinifex 

(Triodia sp.) 

Spinifex Mallee 

Heath 

Heath (mixture of life forms, several ericoid species, live and dead) 

Tall Heath (>lm) including Banksias 

Heathy Woodland (mallee) 

Stringybark heath 

Grass / mixed 

Woodland 

• Yellow Gum / Red Gum / Pink Gum grassy woodland 

• Mulga / Acacia woodland 

’ Belah - Rosewood woodland 

• Callitris woodland 

Mallee 

Sedgeland / grassland / Stipa grassland 

Shrubland 

Shrubland (e.g. Broombush, usually one species) 

Scrub Pine (Callitris) 


Table 2. Fuel types in the semi-arid region of south-eastern Australia. 


Stratum 

Long-unburnt 
(Hazard Rating) 

Burnt 1980s 
(Hazard Rating) 

Surface Fine Fuel 

Moderate (6) 

Low (4) 

Near-surface Fine Fuel 

Extreme (8) 

Very High (6) 

Elevated Fine Fuel 

Moderate (0) 

Moderate (0) 

Bark Fine Fuel 

Very High (5) 

High (2) 

Overall Fine Fuel 

Extreme (19) 

High(12) 


Table 3. Fine fuel hazard assessment in two ages of Spinifex (Triodia sp.) malice immediately adjacent to the Minook 
Burn. Equivalent fuel loads (t/ha) are shown in brackets after the hazard rating. 


Stratum 

Long-unburnt (Cover %) 

Burnt 1980s (Cover %) 

Mallee tree canopy 

22.2(1.2) 

21.6(1.2) 

Spinifex 

59.6(1.4) 

50.7(1.2) 

Bare ground 

18.2(1.1) 

27.7 (0.9) 


Table 4. Fuel cover in two ages of Spinifex malice immediately adjacent to the Minook Burn. Standard error of means 
are given in brackets. Sample size in all cases is n=15. 
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area that was prescribed burnt. Spinifex (Triodia 
sp.) and Spinifex-Mallee dominated. These fuels are 
characterised by their discontinuous fuels. Fire must 
spread from one fuel patch to another by flame con¬ 
tact or with the aid of spotting for fire propagation 
to be successful. After wet years, the normally bare 
areas between the Spinifex hummocks may be filled 
with ephemeral herbs and grasses making fire 
spread much easier. 

Areas of Scrub Pine and Shrubland fuel types 
were scattered within the prescribed burning area. 

Ground based photographs were also taken dur¬ 
ing the burning operations (James Dalton, DSE 
Bendigo). These were used to assess the fine fuel 
hazard rating in the two fuel areas (Table 3). Fuel 
cover was assessed from aerial photos taken from a 
light plane flying at about 1000 m above ground 
level (Table 4). 

Fuels in the long-unburnt area have an Overall 
Fuel Flazard rating (McCarthy et al. 1999) of Ex¬ 
treme due mainly to the amount of near-surface 
fuels presented by the Spinifex and the significant 
accumulations of bark on the old malice trees. In 
comparison, the extent of the Spinifex and loose 
bark is much less in the areas burnt about 20 years 
previously. 

It can be seen in Table 4 that there was no sig¬ 
nificant difference in the cover of malice trees in the 
two age classes of Spinifex malice. However, there 
was significantly more Spinifex cover in the long- 
unburnt area (60% compared with 51%). As a result, 
the proportion of bare ground was eommensurately 
less in the long-unburnt area compared with the area 
burn in 1980s (18% compared with 28%). These dif¬ 
ferences were statistically significant at the 0.001 
probability level. 

Burning Operations 

The first area to be burnt was the Mi nook Burn, 
which starts on the northern boundary of the Park 
and runs south for about 20 km to Phceny’s Track. 
The second area burnt was the Sunset burn which 
continues south from the end of the Minook Bum 
for a distance of about 26 km. 

Test burning of standing mallee fuels using the 
aerial drip torch was first conducted as part of the 
late-autumn burning of chained fuels south of Linga 
(Tritter Track) where it was soon realised that achiev¬ 
ing large continuous bums in discontinuous fuels 
would need significantly higher fire danger weather 


and that was unlikely to occur that late in the year. It 
was then decided to make this a two-stage operation 
with the edges of the prescribed areas being burnt in 
late-autumn 2004 under mild weather conditions 
when overnight extinction weather was far more 
likely and the body of the areas to be burnt in spring 
under higher fire danger conditions. The first stage of 
the process was to burn the outside edges of the 
planned area to contain the spread of fires burning in 
the body of the area under higher fire danger condi¬ 
tions. The second stage of burning out the intervening 
area between the east and west edges was carried out 
in the spring of 2004 and a smaller amount in mid¬ 
autumn 2005. 

The edge burning provided two benefits: (i) es¬ 
tablished a fuel reduced perimeter to “bound” future 
higher intensity burns and (ii) remove pockets of 
high fuel loads so that later “burning out" operations 
could be conducted in more uniform fuel and pre¬ 
scriptions developed accordingly. In this instance, 
an area, approximately 4 km x 3 km, at the southern 
end of the Sunset Burn was burnt out on 17 October 
2004, under the influence of northerly winds and 
relatively mild conditions, before the rest of the Sun¬ 
set Burn in order to prevent control problems during 
more severe weather conditions needed to burn out 
relatively lighter fuels in the rest of the burn area. 

These burns were carried out with a combina¬ 
tion of ground ignition using hand-held drip torches 
and a vehicle mounted flamethrower and aerial igni¬ 
tion using potassium permanganate incendiaries and 
the aerial drip torch. 

Minook Burn 

The first day of lighting, Friday 7"' May 2004, con¬ 
sisted of hand ignition along the edge of Bambill 
South Track. This was to establish the eastern edge 
of the prescribed area. On the second day, it was in¬ 
tended to start burning the body of the burn area, but 
this was unsuccessful and the lighting strategy was 
changed to one of establishing the edges of the burn 
under these mild conditions and burning out the in¬ 
ternal area under higher fire danger conditions in the 
spring. Burning out the area between the western 
and eastern boundaries was carried out in the spring 
(September / November) 2004. 

Results of Autumn Operation and comments. 
Weather conditions were a bit too mild to get fires to 
run for any distance. The best burning conditions 
were experienced on the 9 th May, when fires were 
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spreading about 100 m/h in some of the more con¬ 
tinuous fuels. This rate of spread was insufficient to 
undertake extensive burning as there was only five 
to six hours of burning time available with these 
conditions. 

Burning with a southerly wind system in place 
was found to be problematic because of the rising 
(Forest) FDI (McArthur 1967) cycle and because 
southerly winds lend to be light and variable. Fire 
spread was therefore minimal and therefore a lot of 
effort had to go into an intensive lighting operation. 
However, these southerly conditions are the prevail¬ 
ing conditions in autumn and give a high degree of 
safety during the operation provided the fires have 
extinguished before the weather heats up. 

This burning operation was conducted under 
conditions to get overnight self-extinction. This re¬ 
quirement meant that day-time weather conditions 
were too mild for the desired level of fire spread. 
Burning under a FDI of 20 would have been better, 
provided winds were at least 15 km/h to get the fire 


to carry, but at this FDI, there is a lower likelihood 
of self-extinguishment overnight. 

Overnight bunting of fuels is mostly a problem 
when there is some woody fuel present such as in 
old malice and Callitris areas. Where there arc only 
a few hotspots the next morning, hover-exit crews, 
bambi bucket or fire bombers could be used to ex¬ 
tinguish the remaining hotspots. 

Results of Spring Operations anil continents. 
Fire spread was much more successful when burn¬ 
ing with a northerly wind. Once the fires reached the 
previously burnt edges, they stopped. There was a 
sufficient proportion of the edge burns burnt and 
sufficient overlaps of burnt areas to prevent the fires 
burning through the established burn edges from the 
autumn. 

Using the aerial incendiary machine was much 
less expensive to operate than the aerial drip torch. 
The drip torch can only light for about 30 minutes 
before it had to reload which took about 25 minutes 
in this location. In comparison, the incendiary ma- 



Fig. 3. Burn patchiness in central section of Minook burn. Photo taken 26 January 2005, 4 months after burn. Initial 
autumn edge burning is visible around perimeter of burnt area. (Photo: Barry Scott, DSE, Mildura). 
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chine could light for 2 to 3 hours. Therefore, fuel 
and weather conditions which allow for the use of 
the incendiary machine significantly reduce operat¬ 
ing costs. 

This two stage burning process proved to be 
very effective. The end result can be seen in the 
oblique aerial photographs taken four months after 
the burn (Fig. 3). The northern section of the burn is 
only burnt about 40 to 50% of the area due to poorer 
fire spread in scrub cypress pine (Calliiris verru¬ 
cosa). The remainder of the area was generally 80 to 
90% burnt. 


Sunset Burn 

The Sunset burn was conducted as an extension of 
the Minook burn. Edge burning was undertaken on 
the 8'\ 9 th , 10 th and 11"' May 2004, an area of heav¬ 
ier fuel was burnt out in the southern end of the burn 
in October and ignition of the internal area was 


started on 20 th November 2004. On the 23 rd Novem¬ 
ber. there was a small escape from this burn from the 
NE-SW section of this bum. 

Results of Autumn Operations and comments. 
Like the burning in Minook, this edge burning oper¬ 
ation had been reasonably successful. However, be¬ 
cause of the NE-SW orientation of a significant part 
of this edge and the prevailing SETy winds, there 
were unbroken sections of unburnt fuels on the 
western edge of the burn. This was to be the area 
where the fire was to escape on 23 rd November, 
when the winds were again SE'ly. 

Results of Spring Operations and comments. 
Operationally, it was felt that burning in spring with 
southerly winds did not result in good fire spread 
because the conditions, especially the wind speed, 
were too mild. Spring burning under northerly wind 
conditions and with a milder period approaching, 
was thought to provide better burning conditions. 
Further on-ground assessments are required to de¬ 
termine which combination of lighting pattern and 



Fig. 4. Centre of Sunset Burn showing area of escape (769 ha). General proportion burnt 80 to 90%. Photo taken 26 
January 2005, about 2 months after burning. (Photo: Barry Scott, DSE, Mildura). 
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prevailing wind direction best achieve the burning 
objectives. 

PROVISIONAL BURNING PRESCRIPTIONS 

Stage I - Establishing Bunt Edges and Unbounded 
Burning 

The objective of this burning is to burn out a suffi¬ 
cient area of fuel so that a more intense fire will not 
cross it. It is important that these fires burnout 
overnight or leave so few hotspots that ii is easy to 
extinguish these hotspots next morning with either a 
bambi bucket slung under a helicopter, or by hand 
crews dropped off by hover-exit or by rappelling. 
Burnt-edge fuel-breaks would generally need to be 
at least 100 m wide if fires of moderate intensity arc 
to be contained. 

Wind 

• Needs to be consistent strength with no marked 
changes in wind direction during the period of 
burning (< 25 degree change in 24 hours). 

• Average wind speeds must be greater than 
8 km/h measured by hand at 1.5 m onsite in 
malice, 15 km/h measured at 2 m in open or 
25 km'h measured at 10 m in open. 

• Average wind speed for edge burning (measured 
at 2 m) wants to be greater than 15 km/h but no 
more than 20 km/h and no more than about 5 to 
10 km/h across the control lines. 

• Threshold wind speeds will vary according to 
the extent of fuel cover (Fig. I). It is assumed 
here that Spinifex cover will generally be about 
40 to 50% in fuels identified for prescribed 
burning. 

Fine Fuel Moisture Content 

• Eucalypt fine fuel moisture content should not 
fall below 8% and should recover to at least 14% 
overnight. 

Weather Patterns 

• Have to have good burning conditions (fire 
spread) to be successful 

• Southerly winds often associated with poor 
burning conditions - light winds and higher rel¬ 
ative humidities. 


• Southerly winds are still feasible, provided (For¬ 
est) FD1 (McArthur 1967) reaches at least 10 
but remains below 20 on the second day with the 
development of a northerly wind. 

• Burning when conditions are right with 
northerly winds and a cooler, moistcr, southerly 
change is expected is the preferred option for 
the most effective burning, provided the peak of 
the FDI is less than 30 and results in controllable 
fire behaviour. 

• Best to burn edges in autumn (on a wetting cycle) 
and internal area in spring (on a drying cycle). 

• Burning on days when the FDI at night is ex¬ 
pected to drop below 5 for more than 3 hours is 
important to allow self-extinction and to main¬ 
tain control of the burning operation or any po¬ 
tential escapes. 

• Overnight dew point should be at least 4°C, al¬ 
though daytime dew point may fall well below 
this with mixing down of dry upper air. 

Lighting pattern. Further assessment of current 

operations results and additional replications are re¬ 
quired to determine which combination of weather 
and lighting pattern best meets burning objectives. 
Lighting pattern will probably need to be changed 
during the lighting period in order to make the best 
use of the changing fuel and weather conditions. 

Lighting pattern "A" in Fig. 5 is useful to widen a 
line of bunting where the lateral spread is minimal. If 
the wind is expected to gradually back as the day pro¬ 
gresses, this lighting pattern will provide some insur¬ 
ance that fires will run into the back of a burnt area. 

Lighting pattern “B” in Fig. 5 minimises the lat¬ 
eral spread of a fire. However, a change in wind di¬ 
rection may mean that each ignition point will burn 
an independent finger. This lighting pattern is suit¬ 
able when there is a high degree of confidence that 
the wind direction will not change. Several such ig¬ 
nition lines may be needed to get adequate burnt 
width as show in lighting pattern “D". 

Lighting pattern “C” will maximise the fire inten¬ 
sity. This is a lighting strategy that may work under 
marginal burning conditions such as late in the after¬ 
noon. The rate of lighting successive lines will deter¬ 
mine how much heat is being generated from an area 
and burning intensity may increase significantly if 
successive lines coalesce. Fire intensity with this light¬ 
ing pattern can be decreased by spreading the lines of 
ignition further and by lighting more slowly to allow 
more fuels to burnout before more fire is started. 

Lighting pattern “D" will allow for a relatively 
large area to be ignited without as high an intensity as 
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Fig. 5. Some lighting pattern options for unbounded burning. A: offset line into wind; B: directly into wind; C: lines 
perpendicular to wind; D: lines parallel to wind. 


would be achieved with lighting pattern “C”. The di¬ 
rection of lighting successive lines should be deter¬ 
mined by the expected possible wind shift. In Fig. 5 D, 
if the wind shifts to the east, the successive fires will 
burn into burnt ground and not present a control prob¬ 
lem. This lighting pattern is probably best suited to 
good burning conditions as might be experienced in 
the middle of the day and at the upper limit of burning 


prescriptions, but where lateral spread of the fire is too 
little to achieve the desired line width. 

A combination of these lighting patterns may be 
needed over the course of a day or successive days if 
the operation extends that long. 

All lighting patterns should be based on burning 
into a secure boundary such as a recent fire scar or 
a fuel break. 
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The rate of lighting is as important as the pattern 
of lighting. The rate of lighting must take considera¬ 
tion of the effects of coalescing fires on fire behav¬ 
iour and die duration of the burning period available. 

Suppression Contingencies. Unbounded burning 
relies on fires self-extinguishing. This is relatively 
easy to achieve for fine fuels provided the FDI falls 
below 5 for at least 3 hours overnight. However, 
heavier fuels may continue to burn for more than a 
day and then reignitc fine fuels on subsequent days. 
Where there arc accumulations of woody fuels such 
as in old mallec and old Callitris woodlands, a con¬ 
tingency to detect any hotspots early in the morning 
and extinguish them by aerial water-bombing or re¬ 
mote area hand crews should be made. 

As ready access to vehicles and suppression ma¬ 
chinery is not available with unbounded burning, 
suppression techniques based around early extin¬ 
guishment of hotspots with bambi bucket and rapid 
deployment of hand crews, either by Hover-exit or 
Rappel crews, need to be further developed. 

Evaluation of Implementation of Objectives. Fur¬ 
ther work, including method / breadth of assessment, 
in assessing the results of these burns is required. The 
primary objective of edge burning is to provide an 
edge to contain more intense prescribed fires and to 
satisfy the Department of Sustainability and Environ¬ 
ment’s procedural requirements. The proportion of 
the area burnt, the width of the burn necessary to be 
effective and the degree of connectedness have not 
been adequately quantified to determine what is 
needed. However, some “best estimates” can be made 
and provided these are explicitly stated and monitored 
after the operation, improvements in setting bum ob¬ 
jectives can be made over time. 

Stage 2 - Burning Areas Contained by Burnt Edges 

The objective of this burning is to burn out an area 
contained by fuel breaks prepared by burning (or 
mechanical chaining, slashing or rolling). These 
fires arc not to be so intense as to be able to cross the 
prepared fuel break either by spotting, burn-through 
in unburnt fuel, or flame or radiation breach. 

Wind 

• Needs to be consistent strength with no sudden 
changes in wind direction during the period of 
burning (< 25 degree change in 24 hours), how¬ 
ever a gradual backing of the wind by 45 to 60° 


over a two to three day period from nor-north- 
easterly to nor-north-westerly can be used to ad¬ 
vantage. A NNE’ly wind could be used to burn 
an eastern edge one day and a NNW’ly wind 
could be used to burn the matching westerly 
edge the following day as a High Pressure 
weather system moves across the State. 

• Wind speed for internal burning (measured at 
2 m in the open) must be greater than 15 km/h 
but less than 25 km/h (or 25 to 45 km/h if meas¬ 
ured at 10 m in open). 

Fine Fuel Moisture Content 

• Fuel moisture content is less important for this 
internal burning operation, however, it must al¬ 
ways be remembered that escapes may occur. 
Fuel moisture contents less than 7% during the 
day represent a possible risk if night-time condi¬ 
tions are not mild. 

Weather Patterns 

• Flave to have good burning conditions (fire 
spread) to be successful. 

• Southerly winds arc often associated with poor 
burning conditions - light winds and higher rel¬ 
ative humidities. However, southerly wind con¬ 
ditions may still be suitable for burning in more 
continuous and heavier fuels. 

• Burning when conditions are right with 
northerly winds and a cooler, moister, southerly 
change is expected is the preferred option for 
the most effective burning, provided the peak of 
the FDI results in controllable fire behaviour. 

• Southerly winds are still feasible, provided (For¬ 
est) FDI is high enough and second day not too 
hot with the FDI rising and the development of 
a northerly wind. 

• Best to burn internal area in spring (on a drying 
cycle). 

• Burning on days when the FDI at night is ex¬ 
pected to drop below 5 for more than 3 hours is 
desirable to allow self-extinction and to main¬ 
tain control of the burning operation or any po¬ 
tential escapes. If the chances of escape are 
minimal, e.g. second day burning with a large 
burnt area to the east, the overnight FDls up to 
10 may be acceptable. 

Lighting Pattern. Further assessment of cur¬ 
rent operations results and additional replications 

required to determine which combination of 
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weather and lighting pattern best meets burning 
objectives. 

Lighting patterns C and D (Fig. 5) are likely to 
be the two main options. However, the rate of light¬ 
ing as well as the spacing of ignition points is also 
critical to the quality of the final result and the po¬ 
tential for escape. 

Suppression contingencies during the internal 
burning process need to be more significant than for 
the edge burning process. Heavy machinery as well 
as fire bombers should be available within a few 
hours if needed. A more substantial remote fire 
fighting ground force should also be available to 
deal with fires in the early stage. 

Evaluation of Implementation of Objectives. Fur¬ 
ther work, including method / breadth of assessment, 
in assessing the results of these burns is required. As 
with edge burning, the proportion of the area burnt, 
the width of the burn necessary to be effective and the 
degree of connectedness have not been adequately 
quantified to determine what is needed. This needs to 
be done from a fire protection perspective and an eco¬ 
logical perspective. I lowever, some best estimates can 
be made and provided these are explicitly stated and 
monitored after the operation, improvements in set¬ 
ting burn objectives can be made over time. 

CONCLUSIONS 

The history of extensive, high intensity wildfires in 
“mallee” ecosystems in the past few decades is seen 
as environmentally undesirable and largely a conse¬ 
quence of the suppression of lightning-caused fires 
within the large blocks of Mallee public land (as re¬ 
quired by legislation), and the lack of adequate in¬ 
ternal fuel breaks to stop large, intense fires. 

Prescribed burning in mallee ecosystems is con¬ 
sidered to be necessary to prevent the possible local 
extinction of some fauna and flora species. 

Strategic fuel-reduced corridors are seen as the 
most important first step in preventing the burning 
of excessive proportions of different habitat types or 
excessive extents of habitat. 

Because of the remoteness and vastness of most 
mallee ecosystems and the undesirable impacts of 
tracks, unbounded prescribed burning is considered 
to be the best prescribed burning option. 

As has been found in the past, it is possible to de¬ 
velop relatively safe burning prescriptions to under¬ 
take unbounded burning. However, there is a need to 
develop sound burning prescriptions to minimise the 


risks of escapes. Where there are extensive areas of 
Iong-unburnt fuels, it is suggested that unbounded 
burning be conducted as a two stage process, as de¬ 
scribed here, to minimize the chances of escape. 

Operational research in the Murray-Sunset 
National Park has led to a better understanding of 
the conditions required for safe unbounded burning. 
This ongoing research may lead to the use of un¬ 
bounded burning in other remote areas. 

Ongoing monitoring and research will be needed 
to assess the ecological benefits and potential impacts 
of this burning strategy. There is a need to document 
the effectiveness of this burning in limiting the spread 
of wildfires with time since treatment. 
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APPENDIX 1. DRAFT WEATHER PRESCRIPTIONS 


Unbounded Edge Burning 


Weather pattern: 

• Less than 25 degrees of wind direction change expected in next 24 hours. 

• FDI in forecast period (4 days) same or falling, preferably falling. 

• Rain likely in forecast period (not essential). 

Daytime Weather: 

• FDI >10 but <30 

• Wind speed at 10 m > 25 km/h but < 35 km/h 

• [Wind speed at 2m in open >15 km/h but < 20 km/h] 

(Wind speeds assume 40-50% Spinifex cover) 

Overnight Weather: 

• FDI < 5 for more than 3 hours. 

• Windspced at 10 m < 15 km/h [ <10 km/h at 2 m] 

• Dew Point > 4oC 

• Minimum Temperature < 15oC 

• Maximum Relative Humidity > 85% 

• Fine Fuel Moisture Content > 14% by morning 


Bounded Internal Burning 


Weather pattern: 

• Wind direction variation of less than 25 degrees expected in 24 hours. 

• Wind may gradually back 45 to 60o over a two to three day period. 

• FDI in forecast period (4 days) same or falling, preferably falling. 

Daytime Weather: 

• FDI >12 

• Windspced at 10 m > 25 km/h but < 45 km/h 

• [Windspeed at 2 m in open >15 km/h but <25 km/h] 

Overnight Weather: 

• FDI < 5 unless there is a low fuel area to the east of the burn, then FDI < 10 

• Windspeed at 10 m < 15 km/h [ <10 km/h at 2 m] 

• Dew Point > OoC 

• Minimum Temperature < 15oC 

• Maximum Relative Humidity > 60% 
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THE ANCIENTS construed our planet according to 
the four elements of earth, air, fire and water. 
Though our conceptualisations of time, space and 
matter arc quite incommensurate, in some circum¬ 
stances there may still be a benefit from our deploy¬ 
ing these antique terms. 

When you walk outside today, look down. You 
will see under your feet baked earth. The Mildura re¬ 
gion is part of what C. E. W. Bean (1910) memo¬ 
rably termed the Red Country. It is such because of 
its geological past . . . but if I say anything more 
about geology a number of you will immediately 
conclude that I’d be better off sticking to history! 

Look out, and you will sec an almost limitless 
horizon, but one which, from even slight elevations 
such as the Walls of China at Lake Mungo, you may 
see to curve towards infinity. Look up at night, and 
you may see half a hemisphere of stars, an astonish¬ 
ing tapestry whose intimation of eternity makes you 
giddy. 

Then there is fire. There is the heat of the sun in 
the Mallee’s summer; the dessication of animals, 
plants and soil in periods of drought; and the ordeal 
that fire insists on visiting us with from time to time. 
Utterly destructive as it can be - witness the Ash 
Wednesday fires in 1983 and those of January 2006 
- fire is also necessary to the preservation of life. 
Without warmth in their caves, how might humans 
survived the last Ice Age? Without the sun’s rays, 
there would be no photosynthesis. Just as it is reput¬ 
edly necessary for the phoenix to suffer immolation 
in order to perpetuate itself, so too are there some 
Australian seeds which will not germinate without 
being seared in fire’s crucible. 

But fire-adapted or not, for plants or mythic 
birds or people, there can be neither sustenance nor 
regeneration without water. As the great Hoods that 
periodically inundate the different regions of this 
continent show, while water is not necessarily the 
gentlest of the ancient elements, it is certainly the 
most beneficent. ‘Water!’will inevitably be the first 
request of someone who has thirsted in the desert for 


days. For someone like me, who became conscious 
of the world in Far North Queensland, the renewal of 
the earth after the tnonsoonal deluge is miraculous 
indeed, a contemporary reiteration of the Great 
Flood and the recolonization of the earth by people, 
animals and plants after it. 

But it is not simply that water is the vehicle of 
physical survival and fecundity; it is also that it has 
been water that most of the ancient elements has 
shaped human history, and determined how we live 
today. 

I do realize that some of you - many of you? - 
will look askance at such grandiose claims. So let 
me explain. 

The region that archaeologists and cultural an¬ 
thropologists have come to term the Fertile Crescent 
extends in a broad arc from present-day Palestine, 
Israel and Jordan though Syria into Iraq, with an ex¬ 
tension into Turkey; or, to delineate it in geographi¬ 
cal rather than political terms, from the eastern 
shore of the Mediterranean Sea north to the Taurus 
Mountains, east and south through the valleys of the 
Euphrates and Tigris rivers to the Zagros Mountains, 
with a tongue into the Anatolian uplands. 

It was in the Fertile Crescent, sometime about 
11,000 BP, that there occurred the single most mo¬ 
mentous change ever in the history of human social 
organization, for it was then that people turned from 
being roaming hunter-gatherers and, becoming 
sedentary, formed permanent settlements and do¬ 
mesticated plants and animals. 

This change was aided by indeed, it could not 
have occurred without - a sharp change in climate. 
The years from c. 12,800 BP and c.l 1,600 BP con¬ 
stitute the period known as the Younger Dryas. Dur¬ 
ing it, vast volumes of glacial ice which had 
encrusted the North Pole and northern Europe, Asia 
and America melted into the Atlantic Ocean, giving 
rise to unusually dry and cold conditions. During the 
Younger Dryas, forests withered, the amount of 
ground foods diminished and wild herds shrank, so 
that humans struggled for life. 
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Then, extraordinarily, at 11,600 BP, there was 
sudden increase of 7°C in the earth’s temperatures. 
Regular rains returned to the Fertile Crescent. Rivers 
and lakes filled, forests flourished again, grasslands 
grew verdant and animal populations burgeoned. 

Starting from the hills to the east of the Mediter¬ 
ranean littoral, from the country of the Jordan River 
and the Dead Sea, people spread out over the north¬ 
ern uplands and over the Euphrates and Tigris flood- 
plains. Settling in permanent villages, they 
harvested wild wheat, barley and pulses and then de¬ 
liberately cultivated these plants. They kept herds of 
goats, flocks of sheep, clutches of pigs. Producing 
surpluses, the husbandmen and farmers provided 
others with the opportunity to trim and polish hides, 
weave cloths, bake pottery and work metals. As the 
peoples of the Fertile Crescent entered on the Ne¬ 
olithic Age, their societies grew more complex. 
Turning from circular buildings, they raised rectan¬ 
gular ones divided into rooms, in which they lived, 
worked and stored grain. 

The understanding that it was a regular supply of 
water than underwrote agriculture led to the devel¬ 
opment of irrigation, which, when extended over the 
floodplains and along the declivities of valleys, sup¬ 
ported yet denser populations. Three types of land 
holding emerged: by patriarchal clans, by powerful 
individuals, and by the temple. As the institution of 
the temple grew, its production became a reserve for 
the community, to be utilized in times of dearth or 
war; and increased production of grains and animals 
also provided items for trade. Contact with other 
peoples created the needs to transport goods effi¬ 
ciently and to move swiftly in war, so that people do¬ 
mesticated draught animals (donkeys, horses, 
cattle). They learned that a round shape went much 
more easily over ground that did a triangle or a rec¬ 
tangle or a pole; and that platforms might be 
mounted on axle-linked wheels. 

Expanding production and exchange led to hier¬ 
archies of wealth, power and social status. As social 
relations grew more complex, so too did political 
and religious structures. There were the gods of 
earth, sky, sun and water to be propitiated; priests, 
chiefs and kings required tribune; a civic population 
came to expect that principles of justice should gov¬ 
ern their daily affairs. Then, peoples needed to at¬ 
tack and defend themselves from each other, and to 
negotiate accords. 

City-states developed, with planned buildings, 
thoroughfares and articulated water, with their ad¬ 
ministrative apparatus being exercised from monu¬ 


mental palaces and temples. The need to keep track of 
land transactions and to tally harvests gave rise to sys¬ 
tems of writing and accounting, which were then used 
also to record creation myths, prayers to the gods, the 
deeds of kings, codes of law, treaties with other states. 
Soon, these systems comprehended epic poetry and 
abstract mathematics. There is the Sumerian epic of 
Gilgamesh, dating from the third millennium BCE, 
but now known chiefly from the Assyrian text of the 
seventh century BCE; and one cuneiform tablet, 
which antedates Pythagoras by two thousand years, 
displays the proof of his theorem. 

So the peoples of the Fertile Crescent raised 
their cities on the floodplains of Mesopotamia, and 
up the valleys of the Tigris and Euphrates rivers. As 
Jared Diamond (1997) (among many others) has 
pointed out, the Fertile Crescent 

“appears to have been the earliest site for a 
whole string of developments, including cities, 
writing, empires, and what we term (for better or 
worse) civilization. All those developments 
sprang, in turn, from the dense human popula¬ 
tions, stored food surpluses, and feeding of non¬ 
farming specialists made possibly by the rise of 
food production in the form of crop cultivation 
and animal husbandry.” 

To all of this, water was central. Without a regu¬ 
lar supply of water, there could have been no organ¬ 
ized agriculture, and therefore no dense, sedentary 
populations. Indeed, there are some who argue that 
it was the very need to manage expanding irrigation 
systems efficiently that gave rise to the first wide¬ 
spread state controls: ‘once the state has arisen, it 
tends to involve itself heavily in major irrigation fa¬ 
cilities since water is the major constraint on pro¬ 
duction in low latitudes’ (Maisels 1990, p. 214). 

1 have not seen the sites of the first Mesopota¬ 
mian cities, of Ur and Urik and Eridu, of Babylon 
and Kish. However, many years ago, I did travel into 
central Anatolia to some of sites of the Hittite em¬ 
pire. Leaving Ankara before dawn, crossing moun¬ 
tains and rivers and going through upland valleys, I 
saw fields of grain and pulse, and peasants driving 
donkey-yoked carts with solid wooden wheels. 1 
went first to Acalahuyuk, where I saw the large 
grey-blue stone in the ruins of the temple. Rectan¬ 
gular in shape, substantial in size, this stone was ut¬ 
terly unlike all those about it. It must have been 
brought to this place on purpose. Most likely, it was 
used for human sacrifice. 

Then on to Hattusas. I entered the old city 
through the Lions’ Gate, and inspected the ruins of 


WELCOMING ADDRESS: THE EVOLUTION OF CULTURE 


the royal palace, where in 1906-11 Hugo Winckler 
found an archive of 10,000 clay tablets recording 
commercial and diplomatic transactions. 

Next. I climbed the hill to Yazilikaya, where in a 
deep cleft in the rocks the Ilittites established their 
major shrine. They carved broad friezes into the 
sides of the cleft’s two chambers, depicting gods and 
goddesses and their cult animals, kings and nobles. 
Three and a half thousand years ago, trees shaded 
this sanctuary; in spring and summer it was verdant 
with grass and flowers; and water funnelled by the 
cleft issued in a spring below. To it came kings and 
queens and nobles and priests, to pay homage to the 
Storm God (‘water-from-the-sky’) and the Spring 
God (‘water-from-the-earth’) (Maisels 1990). 

The Hittites were an eclectic people. Part of an 
Indo-European migration into Asia Minor, one per¬ 
haps driven by the desire to control sources of ob¬ 
sidian and copper, they settled in the uplands and 
valleys to the east of the Ilalys River sometime 
about the third millennium BCE. There, they 
adopted many of the practices of the Fertile Crescent 
peoples. They also traded with the Assyrians, giving 
gold, silver and copper, and taking cloths and tin. 

About 1650 BCE, King Labarnas II made Hat- 
tusas his capital, and took a new name from it I lat- 
tusilis 1. In time, such became the sophistication of 
their agriculture and technology, the strength of their 
social organization and their skill in warfare that the 
I litties made themselves the leading imperial power 
in Asia Minor. Marsilis I captured Babylon in c. 
1590 BCE. A number of his successors emulated his 
deeds; indeed, one defeated the Egyptians in 1285 
BCE. At the height of its power (c. 1400-c. 1200 
BCE), the llittite empire reached west to the 
Mediterranean coast of Turkey, south to Syria and 
Palestine, and southeast into the Euphrates and 
Tigris valleys. 

The Hittitc empire represents one of the apogees 
of that human development that began in the Fertile 
Crescent 8,000 or 9,000 years earlier. Its water pro¬ 
vided by seven springs, Hattusas occupied a rocky 
ridge; the adjacent hills were covered with oak and 
pine forests, and there was fertile agricultural land to 
the north. At its peak, the city spread over more than 
three hundred acres, and was protected on three sides 
by a stone and brick wall thirty feet high, with towers 
and Hanking apron walls. Its population may have 
reached as many as 30,000 or 40,000. Their main 
crops were wheat and barley, of which they would 
have required perhaps 400,000 bushels each year. 
They also grew ‘peas, beans, onions, flax, figs, olives 


grapes, apples’. They kept ‘cattle, pigs, goats, sheep, 
horses, donkeys, dogs and perhaps water-buffalo’. 
Bees were also an important resource. The wild ani¬ 
mals they hunted included ‘lion, leopard, wolf, deer, 
hare, wild bull, wild boar, wild goat, eagle, dove, 
duck, snake and mouse’. The Hittitc language con¬ 
tained terms for; ‘farm, sheepfold, pig-sty, goat-pen, 
stable, threshing-floor, woodshed, orchard, meadow, 
beehive, granary, millstone, water-trough, plough, 
spade, cart and harness’. Other labour was exten¬ 
sively differentiated. There were ‘doctors, builders, 
carpenters, stonemasons, goldsmiths, coppersmiths, 
potters, bakers, shoemakers, weavers, tailors, fullers, 
tavern-keepers (male and female), fishermen, cooks, 
porters and watchmen’ (Macqueen 1975). 

The I littite rulers were at exceptionally busy at 
diplomacy. There are at least thirty-three treaties 
with other kingdoms. Those most notable are that 
with King Alaksandu of Troy (c. 1290-1272 BCE), 
and those which Muwabalish concluded with Ram¬ 
ses III after the battle of Kadesh , subsequently con- 
finned by that which Hattusilis III and Ramses 
agreed, and by the marriage of the Hittitc king’s 
daughter to the Pharoah. This treaty is just about the 
oldest surviving example of a formal agreement be¬ 
tween sovereign nations. 

But the clay tablets of the royal archives, with 
their curious cuneiform script, convey much more 
about the life of the Hittites than their international 
political dealings. These tablets give extensive de¬ 
tails of law, marriage customs, and prayers to the 
gods. Sometimes, they strike notes which transcend 
time. If Hattusilis I worshiped at the Yazilikaya 
shrine, his prayers to the water gods did not spare 
him from grief. Severely wounded in one of his 
campaigns against the Hurrians in northern Syria, 
he looked to his three adopted sons to continue the 
struggle, only for them to fail and betray him. His 
bitter complaint is such as Lear made: 

“1. the King, called him my son, embraced him, 
exalted him, and cared for him continually. But 
he showed himself a youth not fit to be seen. I le 
shed no tears, he showed no pity, he was cold 
and heartless. I, the King, summoned him to my 
couch and said: ‘Well! No one will in future 
bring up the child of his sister as his foster-son! 
The word of the King he has not laid to heart, 
but the word of his mother, the serpent, he has 
laid to heart’. Enough! He is my son no more” 
(Gurney 1975). 

Let me repeat: there could have been none of 
these developments in agricultural production. 


IV 
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social organization, warfare, organized religion and 
symbolic systems without water. Without regular 
rains, without ample water in lakes, rivers and 
streams to use in irrigation, people would not have 
been able to settle. Indeed, they would never have 
been brought to make the imaginative leap required 
to understand the benefits of doing so. And there¬ 
fore, there would have been no civilization as we 
know it. 

The climate of the Fertile Crescent is that which 
we have come to identify as ‘Mediterranean’, one 
marked by ‘mild, wet winters and long, hot, dry 
summers’. As Diamond (1997) points out, this cli¬ 
mate ‘selects for plant species able to survive the 
long dry season and to resume growth rapidly upon 
the return of the rains’. He continues: 

Many Fertile Crescent plants, especially species 
of cereals and pulses, have adapted in a way that 
renders them useful to humans: they are annu¬ 
als, meaning that the plant itself dries up and 
dies in the dr}' season. 

Within their mere one year of life, annual 
plants inevitably remain small herbs. Many of 
them instead put much of their energy into pro¬ 
ducing big seeds, which remain dormant during 
the dry season and arc then ready to sprout when 
the rains come.... Many of the big seeds, no¬ 
tably those of the annual cereals and pulses, are 
edible by humans. They constitute six of the 
modern world’s twelve major crops (Diamond 
1997). 

As trade, dearth and war led the peoples of the 
Near East into prolonged contact with others, their 
habits of husbandry and horticulture, and with these 
their domesticated biota, spread westwards along 
the littorals of the Mediterranean. At least until very 
recent times, the lives of the peoples of Greece, the 
Adriatic coast, Italy, southern France and Spain, and 
northwest Africa, have been sustained by the cereals, 
pulses, vines and animals first domesticated in the 
Fertile Crescent. 

Two regions of the Australian continent can be 
said to possess a Mediterranean climate - the south¬ 
west corner of Western Australia, and that from the 
Eyre Peninsula in South Australia through to the 
mountains of central Victoria and north to the Mur¬ 
ray River valley. 

The drive up the Caldcr Highway from Melbourne 
to Mildura is a long one. One hundred and twenty 
kilometres after you begin it, to the southeast of 
Bendigo, you come to a country of dairy farms, ag¬ 


istment paddocks, apple and apricot orchards and 
vineyards. Then you are among hills that were once 
rich with gold. A detour away to your left are Caslle- 
mainc and Maldon. ahead of you are Inglewood and 
Wedderburn - towns whose stone buildings have 
turned brown with age and dust. 

Further up the highway, to Charlton and onto 
Ouyen, you find other legacies of nineteenth-cen¬ 
tury Australia. On either side to the road stretch vast 
acres, in spring time dark green with half-grown 
wheat, or spread with green carpets of grass mottled 
with sheep and easy in the grace of new-born lambs. 
As farmers have turned to planting canola, now in 
springtime you also see eiderdowns of gold that un¬ 
dulate into distance. In those places where salt has 
come to the surface, the ground has turned a 
scabrous brown. 

Alter Ouyen you enter a stretch of dreary Mallee 
scrubland. Forty kilometres out from Mildura, as 
you are nearing the end of your journey, you come 
among fields of wheat again. Another twenty kilo¬ 
metres, just after the old telecommunications tower, 
you reach the first vineyard. Five more kilometres 
and you find citrus orchards and lines of olive trees 
and patches of market garden interspersed among 
the vineyards; then avenues of palm trees and 
houses with bursts of tropical and subtropical flow¬ 
ers about them. You come to the rural city through a 
lush oasis, where, drawing on the water of the Mur¬ 
ray River, people have replicated the horticultural 
miracle of southern Europe - and, more distantly, 
than of the Fertile Crescent. Make no mistake. There 
w'ould be no Mildura without water, albeit that we 
have it at too great cost to the river and the environ¬ 
ment. There would be no horticulture to make the re¬ 
gion deserving of the appellation of the state’s Food 
Bowl, no town, no university lecture theatre in 
which to gather. 

Though it now so comprehensively embodies 
the conditions of the Fertile Crescent, the Mildura 
region also continues to subsume humankind’s ear¬ 
lier reality. 

For the first ten minutes as you leave Mildura 
for Lake Mungo, you drive past vineyards and fruit 
groves: then between wheat fields and cattle pas¬ 
tures. Then there are expanses of malice scrub, and, 
as the land turns arid, saltbush and blue bush. 

After two hours you arrive at Lake Mungo and 
stop at the display building, which offers you a 
quick guide to the prehistory of the area at the time 
when megafauna roamed the lake’s shores; of its oc¬ 
cupation by humans from about 35,000 or 40,000 
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years ago; and of the much more recent occupation 
by Europeans and their hard-hooved animals. 

Then, you drive across the empty lake bed to the 
Walls of China, the dunes formed of sands, clays, 
gravels and humus through three geological phases 
and now infinitely weathered. 

You climb one or other of the dunes and look 
about you. On the other side of the lake you can see 
the station homestead and the woolshed where men 
once shore as many as 50,000 sheep in a season. 
Scattered about the lake bed are kangaroos and 
emus, food for Aboriginal people once the lake had 
gone dry. In the sand and clay about you may find 
vertebra of the small animals that inhabited its mar¬ 
gins, of the fish which swarmed in it when it had 
water. And there and there, up towards the end of the 
lunettes, are the sites where Mungo Woman and 
Mungo Man were found, their burials offering evi¬ 
dence of funerary rites, and hence of a reflective 
consciousness that involved language - that is, of¬ 
fering evidence of developed humanity. 

And then, in the surrounding ancient open 
woodlands and grasslands, hazily through time's 
heavy gauze, you may just see the macropods and 
diprotodons and other megafauna. Look intently, 
and you may make out human forms moving among 
the trees, venturing over the grasslands, setting fires, 
hunting animals, gathering roots, camping, at play. 
Precisely how long these humans took to spread 
over the continent you cannot quite tell. And while 
you know that they came from the Indonesian archi¬ 
pelago, crossing from island to island over short ex¬ 
panses of water in flimsy craft at moments when 
glaciation had lowered sea levels, you know little of 
their history before that. Whence in Asia did they 
migrate? Before that, came their ancestors out of 
Africa? And what of those ancestors’ ultimate an¬ 
cestors? Came they from primordial ooze? 

Time out of mind is indeed inhuman time, but 
we need not let it obliterate us, for as Darwin (1859) 
understood, ‘there is grandeur in this view of life.’ 
On behalf of La Trobc University, Chancellor Nancy 
Millis and Vice-Chancellor Michael Osborne, I wel¬ 
come you to the Royal Society of Victoria’s sympo¬ 
sium on the Geological, Biological and Cultural 
Evolution of the Malice in Victoria. 
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THIS ABSTRACT contains details of recent works 
on the hydrogeology and hydrology of four areas of 
the Mallee Region in Victoria. 

The most striking feature of the hydrogeology of 
the Mallee Region is the extreme change in ground¬ 
water salinity along the Wimmera River. To the east, 
the groundwater is saline (>30,000 mg/1) and to the 
west into South Australia, it is mostly fresh (< 3,000 
mg/I). Earlier explanations for this disparity have 
been that freshwater passed northwards from 
recharge areas in the south in two pulses, resulting in 
discrete plumes of freshwater under the Big and Lit¬ 
tle Deserts. More recently isotopic studies by Leaney 
and I lerezeg (1999) showed that the relatively young 
ages of the freshwater beneath the two deserts could 
not be explained by the long northwards flow path; 
instead they suggested localized recharge within the 
deserts. However this does not explain the lack of a 
similar freshwater lens beneath the Sunset Desert to 
the north, or how the fresh recharging groundwater 
within the deserts bypasses the Bookpurnong Beds 
aquitard between the Parilla Sand and Tertiary ma¬ 
rine aquifer. A third option for a recharge source pro¬ 
vided here is based on the distribution of the 
freshwater body which terminates to the north 
roughly along a line passing westwards of Lake 
Wirrcngren. Northward beyond the line the ground- 
water is saline. This suggests that the river may have 
been a periodic line source of recharge. Lake Wirren- 
gren, the terminal lake on the Wimmera River has an 
extensive lunette system suggesting periodic filling 
and drying throughout the Quaternary period. Recent 
evidence of lake fillings were dated to ca 7,500-7000 
yr bp, on freshwater shells occurring in strandlines 
situated 11 m, 7.1-8.3 m and 1 m above the lake floor 
(Macumber 1991). When Lake Wirrcngren is full, 
then all lakes along the Wimmera River system are 
full, turning the river into a line source of fresh water 
recharge, infiltrating directly into the Parilla Sand 
and passing downbasin to the west. While the other 
sources of freshwater recharge are accepted, a line 
source of recharge occurring along the Wimmera 


River best explains the pattern of freshwater distri¬ 
bution to the west of the Wimmera River, which ter¬ 
minates after Lake Wirrcngren. 

Further to the east, the Raak Boinka forms the 
largest groundwater discharge zone in Victoria. It 
occupies a depression lying to the east of the Danyo 
Fault. The landscape within the Raak Boinka is es¬ 
sentially a sand plain with numerous scattered playa 
lakes and sand dunes (Macumber 1991). At its east¬ 
ern edge there are a number of elongated source bor¬ 
dering sand dunes parallelling the eastern shoreline 
of the main Raak playa and extending to the east. 
These arc palaco-fcatures representative of an east¬ 
erly extended Raak Boinka. The outermost dunes 
have a very heavy carbonate base overlain by loose 
sand; the sequence may be seen as perhaps polygc- 
netic. The lower carbonate sequence is significantly 
more developed than carbonate profiles in the typi¬ 
cal Woorinen Formation, and its presence suggests 
that the Raak Boinka may have held fresher water 
and thus was distinct from the present saline 
gypseous regime. An explanation for a freshwater 
phase in the past lies in the extension westward of 
the Hattah Lakes/Murray River distributary regime 
into the Raak Boinka. Low areas in and adjacent to 
Spectacle Lake provide a likely corridor for this 
connection. Examination of detailed topographic 
contours between Hattah Lake, Spectacle Lake and 
the Raak Boinka support this contention. 

Lake Tyrrell is one of Victoria’s largest lake sys¬ 
tems, being about 26 km long and 8 km wide. The 
floor of the lake is about 41.3 m AHD. It is under¬ 
lain by the Tyrrell reflux brine, with a salinity of ca 
260,000 mg/1, infilling the 60 m thick Parilla Sand 
aquifer. A four metre high groundwater divide lying 
3-5 km to the west of Lake Tyrrell and developed 
within the regional groundwater system (salinity of 
about 40,000 mg/1) prevents the Tyrrell reflux brine 
from outseepage passing westward down the re¬ 
gional How path beyond the Tyrrell Basin (Macum¬ 
ber 1991). However, unlike the situation occurring 
elsewhere across much of the Mallee Region where 
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groundwater levels are static or falling, groundwater 
levels at the divide are continuing to rise, and have 
risen about 0.5 ill since 1976. In doing so the con¬ 
tainment of the Tyrrell reflux brine to the Tyrrell 
Basin is increasing. 

At the eastern edge of the Malice Region are the 
Avoca Marshes, consisting of Lake Bad Bad, First, 
Second and T hird Marshes. The floors of Second 
and Third Marshes were until recently covered by 
Red Gum and Black Box forests. Following the par¬ 
tially artificial filling of the Marshes between 1973 
and 1997, the red gum forests (about 200,000 trees) 
had died by 1988. With the commencement of the 
drought in 1997, the feeder Avoca River stopped 
flowing, the Marshes dried and the associated water 
tables fell markedly. Drilling on the dry lake floors 
showed that a 25 m thick freshwater lens (< 3,000 
mg/1) was present beneath Lake Bad Bael (Macum- 
ber, 2004). By contrast. Second and Third Marshes 
were underlain by saline regional groundwater, 
while First Marsh had a brackish to saline lens lying 
above the regional groundwater (>40,000 ntg/1). The 
salinity distribution beneath the Marshes is a direct 
indicator of their hydrological history, matching that 
suggested by the tree distribution. For instance, 
Lake Bad Bael at the upstream end of the system re¬ 
mained fresh for extensive periods permitting the 
development of the thick freshwater lens. Being a 
semi-permanent lake, it did not have a tree cover. 
First Marsh held trees, but these had all died by the 
1940s, deemed to be partially as a consequence of 
raised water tables caused by the filling of nearby 
Lake Cullen between the 1920s and 1970s as part of 
the irrigation supply system. The saline regional 
groundwater water beneath Second and Third 
Marsh, occurs at a depth sufficient to permit vegeta¬ 
tion of the lake floors. However the water table 
depth beneath Lake Bad Bael has remained within 
capillary reach of the surface and salt efflorescence 
at the surface. This breaks down the clay lake floor 
soil, which is now undergoing deflation under con¬ 
ditions which in the past created lunettes. While the 
very uppermost parts (~lm) of the water tabic di¬ 
rectly beneath Lake Bad Bad is saline, the underly¬ 
ing 25 m thick lens is fresh (<3,000 mg/1). 
Therefore, the presence of a lunette docs not of itself 
imply that in the past, when lunettes were forming, 
that the main groundwater body beneath the lake 
floors was necessarily saline. 
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MOBILE DUNEFIELDS and sandplains occupied 
vast tracts of the Malice at the last glacial maximum 
(LGM; ~24,000-18,000 yr ago). This suggests that 
the present structural and taxonomic configurations 
of the savanna woodlands and mediterranean-type 
shrublands and heathlands that now stabilize these 
aeolian landforms have primarily arisen over the 
past -18,000 years.The 10,000 year subfossil pollen 
record of Luly (1993) from playa Lake Tyrrell is the 
only published analysis of the recent past vegetation 
of the Victorian Malice. This is complemented and 
extended by palaeovegetation records from playa 
lakes in the adjacent Mallee region of southwestern 
New South Wales (Cupper et al. 2000; Cupper 2005) 
and the northern Wimmera (Thomas et al. 2001). 
Cupper's (2005) -70,000 year reconstruction shows 
that Malice landscapes of the last glacial period sup¬ 
ported mosaics of easuarina woodlands and daisy 
herbfields. There was a prolonged reduction of 
woodland and tall shrubland cover as the glacial pro¬ 
gressed, although plants survived in refugial areas 
within the duneficlds during the height of glacial 
aridity. Rccolonization of the dunefields involved a 
gradual succession from herbfields and low shrub- 
lands to tall shrublands, and finally, woodlands. 
These changes arc likely to have been driven by cli¬ 
matic change, particularly fluctuations in tempera¬ 
ture, precipitation and atmospheric C0 2 , as global 
climate systems entered and emerged from the last 
glaciation. 
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Mining in the Malice over the past century has been limited to low value industrial minerals such as 
salt, gypsum and limestone that have generated little wealth, whilst leaving a legacy of adverse environ¬ 
mental impacts. The recent discoveries of heavy mineral sands deposits in the region promises the po¬ 
tential of a new era of mining in the Malice. Mineral sands mining will however be laced with similar 
challenges as past mining projects. How effectively this opportunity is realised will ultimately depend 
how successfully the mineral sands miners are able to manage their production costs, whilst managing 
the costs of environmental management and rehabilitation. 


MINING IN THE MALLEE - 
AN AUSTRALIAN PERSPECTIVE 

The Victorian Malice has never been considered by 
the Australian mining industry as a significant min¬ 
ing region. Mining there was invariably seen as a 
limestone borrow pit, not the large open-cut or un¬ 
derground mine one expects of a traditional metal¬ 
liferous mine. The only references to mining in the 
Victorian Mai lee in Mining and Metallurgical Prac¬ 
tice in Australia, published by the Australian Insti¬ 
tute of Mining and Metallurgy, is gypsum at 
Nowingi that warrants 13 lines (Apted 1980), and 
Cheetham Salt, a single line recording production of 
16,121 tonnes of salt from brine at Lake Tyrell 
(McCarthy 1980). In 2003-2004, the bulk of Aus¬ 
tralia’s metallic minerals, mineral sands and salt pro¬ 
duction originated from Western Australia, with 
insignificant production, less than one percent, orig¬ 
inating from Victoria (ABARE 2005). 

MINERALS OF THE MALLEE 

The predominant minerals that have been mined in 
the Malice in the past have been salt, gypsum and 
limestone. These minerals are usually referred to in 
the mining sector as industrial minerals, a term used 
to define minerals that arc used in industry, but not 
for metal production or as fuels. Industrial minerals 
are usually transferred to industry as mined or with 
minimum preparation and are seldom concentrated 
to any degree. As a result they have low value per 
tonne and can therefore not be profitably trans¬ 
ported large distances or exported to end-users. 


Salt 

In Victoria, salt (NaC'l) has historically been pro¬ 
duced from two main sources: evaporation of sea¬ 
water in artificial ponds, and from inland salinas 
(salt lakes and pans) in the Murray Basin of north¬ 
western Victoria. Production commenced in 1894 
from the evaporation of seawater at Corio, near Gee¬ 
long, but all production now comes from Lake 
Tyrrell, and small producers in the Hattah and Pyra¬ 
mid Hill areas. 

Whilst salt is something usually associated with 
the food industry, far more is used in industrial 
processes. The main chemical products derived from 
salt are caustic soda, sodium carbonate (soda ash), 
sodium bicarbonate, chlorine and its derivatives, hy¬ 
drochloric acid sodium silicate, sodium hypochlo¬ 
rite and sodium bichromate. 


Gypsum 

Numerous deposits of gypsum (CaS0 4 *2H,0 or hy¬ 
drated calcium sulphate) occur in the Mallee and 
Wimmera regions as a result of the favourable con¬ 
ditions in the Malice region for the precipitation of 
crystalline gypsum. Gypsum is precipitated from 
saline groundwater drawn to the surface by capillary 
action in hot conditions. Deposits thus occur in shal¬ 
low lakes or buried at shallow depth in topographic 
basins. It may also form in dunes (‘copi’ or *kopi'), 
where it has been transported by the wind (acolian) 
and mixed with the dunes bordering the lakes in 
which it was initially deposited. Major deposits are 
known to occur at Raak Plains, Nypo, Nowingi 
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West, Hattah West, Cowangie and near Lake Hind- 
marsh (Buckley 2003). 

The primary industrial uses of gypsum are based 
on its property of readily giving up or absorbing water 
of crystallisation. When gypsum is heated (or cal¬ 
cined) at 120-130°C it is partially dehydrated to form 
plaster of Paris (CaSO,* 1 /,! 1,0). When mixed to a 
paste with water it reverts back to CaS0 4 *2H,0 and 
sets to a hard solid consisting of a mass of interlacing 
prismatic crystals. This basic form of plaster may be 
manufactured into a large variety of plasters, wall- 
boards and blocks for the building industry. 

Gypsum is also used for agricultural purposes to 
treat sodic soils. These have a high sodium ion (Na') 
content in the clay lattice, leading to a poor physical 
structure and making the soils susceptible to erosion 
and formation of hardpans. The treating of sodic 
soils with gypsum results in replacement of the 
sodium ions by calcium ions (Ca 2 ’), making the soil 
more stable on wetting and producing more stable 
aggregates. The benefits of gypsum as an ameliorant 
to soils with a poor physical structure has been 
known for many years, but it has only been in recent 
years that improved mechanisation and transporta¬ 
tion have made it possible for farmers to take ad¬ 
vantage of these benefits. Gypsum used for 
agricultural purpose is usually mined from the copi 
deposits, whilst crystalline gypsum from lakebeds is 
preferred for industrial uses. 

Limestone 

Limestone is a sedimentary rock of chemical or or¬ 
ganic origin composed largely of the mineral calcite 
or calcium carbonate (CaCO,). It is essentially a low 
cost commodity that needs to be obtained from de¬ 
posits close to the consumer to minimize transport 
costs. 

The accessible limestone deposits in the Mallee 
are the acolian deposits of the Woorinen Formation. 
These are generally calcretes (silica sand cemented 
by calcium carbonate), which are generally only 
suitable for road making and agricultural uses. As 
such they represent a very low value commodity 
which cannot bear even moderate transport costs, 
thus restricting them to very localized use. 


Lower value minerals in the Victorian Mallee 

Much of Australia’s mineral wealth originates from 
the Archaean (older than 2.5 billion years) and Pro¬ 
terozoic (2.5-0.5 billion years) basement rocks of 
the western two-thirds of the continent, and the 
younger Palaeozoic fold belts (0.5-0.25 billion 
years) of eastern Australia. 

In most parts of the Mallee these older basement 
rocks and any mineral deposits they contain are inac¬ 
cessible because they arc covered by several hundred 
metres of Cainozoic sediments deposited in the Mur¬ 
ray Basin over the past 65 million years by a series of 
fluvial, colluvial, lacustrine and acolian processes. 

In this environment, the accessible mineral de¬ 
posits are formed by exogenetic surface processes 
such as chemical-organic processes leading to de¬ 
posits such as gypsum, salt mid limestone, and detri- 
tal or alluvial processes where stream or wave-action 
leads to the concentration and deposition of the heav¬ 
ier minerals (Read 1970). Due largely to the physical 
and chemical characteristics of the respective ele¬ 
ments and the relative intensity of the processes, the 
minerals formed by the latter exogenetic processes 
are usually the lower value industrial minerals char¬ 
acteristic of the Mallee. 


Market factors 

The final factor influencing utilisation of minerals 
in the Malice are market factors. A key characteris¬ 
tic of industrial minerals is that their demand is 
linked strongly to the growth of local and regional 
industries, and developments or trends in building 
materials. 

This is typified in the Mallee by the gypsum in¬ 
dustry in the 1930s and 40s at Nowingi. The post 
war building boom drove the demand for building 
products such as plaster of Paris and gyprock which 
in turn drove the development of gypsum mining, 
but as the demand for these materials declined, or 
cost pressures demanded cheaper sources, the 
Mallee gypsum mining industry also declined. 

THE MALLEE MINES 

The first miners in the Malice were in all probabil¬ 
ity the Aboriginal people who “mined" ochre (red 
earth) near Chinkapook (red earth) to trade with 
southern tribes (White et.al. 2003). 
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Salt 

The first recorded mining in the Mallee was the har¬ 
vesting of salt from Pink Lakes in 1916. For many 
years camel teams were used to transport the salt to 
Underbool. 

In 1923, the Sailor Salt Co. obtained a lease and 
commenced construction of a railway from Linga to 
Lake Beekering (McLean 2003). The Mount Lycll 
Company purchased the business in 1926, amalga¬ 
mating with Commonwealth Fertilisers and Chemi¬ 
cals in 1935, and in turn acquired by 1CI in 1961 
(Blainey 1967). Salt mining continued at Pink Lakes 
until 1979 when the area was declared a State Park. 

Currently the largest producer of salt in the 
Mallee is Cheetham Salt at Lake Tyrell. Originating 
in Geelong in 1894, the company initially produced 
salt from the evaporation of seawater at Point Henry 
before relocating to Lake Tyrrell. Now owned by Ri¬ 
dley Corporation, Cheetham Salt produces approxi¬ 
mately 1.4 million tonnes per annum nationally from 
12 solar fields and six refineries. Lake Tyrell forms 
only a small part of this production. In 2005 Ridley 
Corporation purchased the large Dry Creek Salt 
works in South Australia, which produce large quan¬ 
tities of salt from evaporation of sea water, from Pen- 
rice further diluting Lake Tyrell’s contribution. 

The other notable producer in the Mallee is Sun- 
salt at Hattah. Sunsalt is aiming to produce 50,000 
tonnes of salt per year through exploitation of hyper 
saline bore water to produce a range of gourmet salt 
products under the Murray River Salt label (Parker 
2005). Compared to Dampier Salt in Western Aus¬ 
tralia, Cheetham and Sunsalt are small producers. In 
2004, Dampier Salt's three Western Australian oper¬ 
ations had an annual production capacity of nine 
million tonnes, all derived front evaporation of sea 
water. Damper salt also produce 1.5 million tonnes 
of gypsum annually with all their salt and gypsum 
exported to Japan and Asia 

With the apparent environmental benefits of pro¬ 
ducing salt from inland sources, particularly those in 
the Murray Basin, the obvious question is why the 
over whelming bulk produced by evaporation of sea¬ 
water. The answer is two fold the first relates to loca¬ 
tion, the second to chemical composition. 

The closeness of the Western Australian opera¬ 
tions to large shipping ports at Dampier and Port 
Hedland and their proximity to Asia make it diffi¬ 
cult for an operation in the Mallee to be cost com¬ 
petitive. The second reason is that the salt contained 
in seawater is much purer chemically than that from 


bore water or salt lakes, being predominantly 
sodium chloride. Conversely, water from inland 
sources will contain a range of salts such as calcium 
chloride, magnesium chloride, magnesium sulphate, 
calcium sulphate and a range of carbonates. Whilst 
this complex composition may give Sunsalt's inland 
salt its distinctive character and a unique pink 
colour, when the salt is required for the production 
of sodium based chemical products such as caustic 
soda, soda ash and sodium bicarbonate, the other 
metals become serious contaminants. The removal 
of these adds significantly to production costs. 

Gypsum 

The first significant mining of gypsum in the Mallee 
commenced at Raak Plains in the early 1930s by 
Brunswick Plaster Mills, H.L. Munro and the Burn- 
Icy Plaster Mills. By 1973, CSR Limited was the 
only operating company at Nowingi, railing the gyp¬ 
sum to their Gyprock Factory in Melbourne. Mining 
at Nowingi ceased in 1984. 

Currently the two major companies producing 
crystal gypsum in Victoria are CSR and Australian 
Gypsum, a subsidiary of Boral. These companies 
operate their principal mines on Kangaroo Island 
and near Ccduna in South Australia, where supplies 
of gypsum are extensive. The immediate availabil¬ 
ity of sea transport at both locations means that it is 
cheaper for factories in Melbourne to procure their 
gypsum from South Australia than it is for them to 
obtain gypsum from the Mallee by road or rail. 

Mining of gypsum for agricultural purpose con¬ 
tinues at a number of locations throughout the 
Malice. The quantity of gypsum mined in Victoria is 
500,000 tonnes annually, with much of this being 
mined in the North West for agricultural purposes. 

Limestone 

Rock, predominantly calcite and limestone has tra¬ 
ditionally been mined from shallow borrow pits 
throughout the Mallee for a range of low value pur¬ 
poses such as road surfacing, aggregate and agricul¬ 
tural use. 
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MINING AND THE ENVIRONMENT 

One thing that most mining enterprises in the Mallee 
(past, present and future) have in common, is that 
they are high volume, shallow mining operations 
which can have a large footprint and short life span, 
as opposed to the small footprint and long life of the 
traditional underground metaliferous mines such as 
those of Broken Hill, Kalgoorlie or Mt Isa. In eco¬ 
nomic terms this means that the wealth or profit gen¬ 
erated per area disturbed is low, whilst the area, and 
thus cost of rehabilitation is high. Consequently the 
proportion of revenue required for environmental 
management and rehabilitation is much higher for 
these mining operations, making them much more 
vulnerable to fluctuations in commodity prices or ex¬ 
change rates. 

In reality the mining of industrial minerals in the 
Mallee has had significant local environmental im¬ 
pacts for the production of relatively little wealth. As 
rehabilitation standards have been raised, the cost of 
rehabilitation can become prohibitive as the value of 
the minerals being mined is not sufficiently high for 
the mine to remain economically viable if extensive 
rehabilitation is required. 

This is starkly illustrated by the large number of 
un-rehabilitated limestone borrow pits found 
throughout the Mallee, or the mounds and pits of the 
abandoned gypsum mining areas of Raak Plain. 

A NEW ERA 

The advent of heavy mineral sands mining offers the 
promise of a new era for mining in the Mallee, pre¬ 
senting the potential to break away from the para¬ 
digm of high volume, low value mines which has 
limited the potential profitability and growth of 
Mallee mines in the past. 

Recent mineral exploration in the Murray Basin 
of northwest Victoria has identified significant 
heavy mineral sands formed by detrital concentra¬ 
tion on ancient beaches. These occur as relatively 
coarse grained, linear strandline deposits of various 
high-density, abrasion-resistant minerals, such as 
zircon (ZrSiO,), rutile (TiO,) and ilmcnite (FeTiO,), 
tens of kilometres long and hundreds of metres 
wide. 

The most significant of these deposits in the 
Mallee are lluka Resources Ltd’s Kulwin, Woornack 
and Rownack group of deposits, 30 kilometres east 
of Ouyen. Kulwin has an indicated resource of 24 


million tonnes @11.5% heavy mineral and Woor¬ 
nack and Rownack have an indicated resource of 
40.5 million tonnes @ 9.3% heavy mineral (McLen¬ 
nan 2005). 

These deposits will produce from 500,000 to 
650,000 tonnes of Heavy Mineral Concentrate 
(HMC), containing 85-90% heavy minerals, per year 
for nine years. This will be transported to Hamilton 
for further processing, and, after dry separation at the 
Hamilton Plant this will give a combined annual ru¬ 
tile and zircon production of 425,000 to 585,000 
tonnes, potentially accounting for 25% of Australia’s 
rutile and zircon production. 

Whilst the potential production of heavy miner¬ 
als is significant, the optimism for a new era may be 
a false hope. When discussing industrial minerals, 
The Australian Institute of Mining and Metallurgy 
(Jackson 1980) states that mineral sands can create 
confusion as they have multiple uses. For example, 
rutile can be refined to the highly valuable metal ti¬ 
tanium, however most rutile production is used in 
the manufacture of titanium dioxide, a white pig¬ 
ment used in the manufacture of paints, plastics, 
rubber and paper (i.c. as an industrial mineral). 

Depending on future commodity prices, cur¬ 
rency exchange rates and transport costs, the HMC 
leaving the Mallee may well be another high vol¬ 
ume, low value product with most of the down¬ 
stream processing and value adding occurring 
outside the region. 

ENVIRONMENTAL CONSIDERATIONS 

For the modern mineral sands miner, environmental 
management is a major challenge with mines mov¬ 
ing at kilometres per year and often mining below 
the hyper-saline water table. 

Mining methods proposed for the Mallee will 
involve a number of complex steps, which may in¬ 
clude: dewatering the pits of hypersaline and corro¬ 
sive groundwater and storing it in ponds, stripping 
and stockpiling of topsoil, subsoil and overburden, 
mining of the ore. refilling the pit with tailings from 
the separation process and overburden as the mine 
moves forward, covering the filled pit with stock¬ 
piled subsoils or topsoils, and allowing the stored 
saline water to drain back and re-establish the pre¬ 
existing shallow watertable. 

The area affected by mineral sands mining will 
also be extensive. According to McLennan (2005), 
the four orebodies near Ouyen have a combined 
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length of 53 kilometres and the orebodies are on av¬ 
erage 100m wide. If it is assumed that a further 100 
m will be used on either side of the mine for infra¬ 
structure, haul roads, topsoil and overburden stock¬ 
piles, and the water storage ponds, a total of 13 kin 2 
will be affected over the forecast nine year mine life. 

Therefore, as for the earlier periods of mining in 
the Malice, the area requiring rehabilitation, the de¬ 
gree of remediation and rehabilitation required, and 
thus rehabilitation costs could be relatively high 
compared to the value of production. 

CONCLUSIONS 

Mining in the Malice over the past century has his¬ 
torically been of low value industrial minerals that 
have generated little wealth whilst leaving a signifi¬ 
cant legacy of adverse environmental impacts. 

The discovery of heavy mineral sands in recent 
time offers the promise of a new era for Mining in 
the Malice, presenting the opportunity to break away 
from a history of high volume, low value mines 
which has limited the potential profitability and 
growth of Malice mines. 

How effectively this opportunity is realised will 
ultimately depend how successfully the mineral 
sands miners are able to manage their production 
costs, whilst managing the costs of environmental 
management and rehabilitation. 
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